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(54) HONEYCOMB FILTER FOR PURIFYING EXHAUST GASES 



(57) An obj ect of the present invention is to provide 
a honeycomb filter for purifying exhaustgases.having a 
structure in that, even when comparatively large sealing 
material layer is included therein, there is hardly any in- 
crease in the amount of organic components contained 
in exhaust gases to be discharged. 

The present invention provides a honeycomb filter 
for purifying exhaust gases, having a structure in that a 
sealing material layer is formed on a circumference of 
a columnar body made of porous ceramics, which has 
a number of through holes placed in parallel with one 
another in the length- direction: with-wall portion- inter- 
posed therebetween, and the wall portion which sepa- 
rate the through holes from each other functions as a 
filter for collecting particulates, wherein 

the rate Set of an area occupied by the sealing ma- 
terial layers to the total area of a cross-section including 
the through holes in the direction perpendicular to the 
through holes is set to 0.5% or more, and the rate Va of 
organiccomponentstothe honeycomb filterforpurifying 
exhaust gases is set to 0.5% by weight or less. 
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Description 

CROSS REFERENCE TO RELATED APPLICATION 

[0001] This application claims benefit of priority to Japanese Patent Application No. 2002-81 237, filed on March 22, 
2002, the contents of which are incorporated by reference herein. 

TECHNICAL FIELD 

[0002J The present invention relates to a honeycomb filter for purifying exhaust gases that is used as a filter for 
removing particulates and the like contained in exhaust gases discharged from an internal combustion engine such 
as a diesel engine or the like. 

BACKGROUND ART 

[0003J In recent years, particulates contained in exhaust gases that are dischargectfrorrrintemaf combustion-engines 
of vehicles , such as buses, trucks and the like, and construction machines have raised serious problems since those 
particulates are harmful to the environment and the human body. 

[0004] For this reason, there have been proposed various ceramic filters that allow exhaust gases to pass through 
porous ceramics and collect particulates in the exhaust gases to purify the exhaust gases. 

[0005] With respect to the ceramic filter of this type, conventionally, as indicated by a honeycomb filter 1 0 in Figs. 1 , 
there have been proposed those having a structure in that a sealing material layer 14 is formed on a circumference of 
a columnar body 15 made of cordierite or the like, which has a number of through holes 11 placed in parallel with one 
another in the length direction with wall portion 13 interposed therebetween. In this honeycomb filter 10, wall'portion 
13 that separates the through holes 11 from each other functions as a filter (for example, see J UM Kokai Hei 7-183). 
[000S] In other words, the columnar body 15 is constituted by a single sintered body, and as shown in Fig. 1 (b), each 
of the through holes 11 formed in the columnar body 15 is sealed with a plug 12 at either of ends of its exhaust gas 
inlet side and outlet* side, ^ 

through hole 1 1 after having always passed through wall portion 1 3 that separates the through holes 1 1 from each other. 
[0007] Here, the sealing material layer 1 4 is formed in order to reinforce the circumference of the columnar body 1 5 
or improve the heat-insulating property of the honeycomb filter 1 0, 

[0008] Moreover, in recent years, in place of the above-mentioned honeycomb filter made of cordierite, honeycomb 
filters, made of a porous silicon carbide sintered material, have often been used because this material has advantages 
such as superior heat resistance, mechanical strength, collecting efficiency and the like, as well as chemical stability 
and a small pressure loss. 

[0009] With respect to the honeycomb filter made of the porous silicon carbide sintered material, as indicated by a 
honeycomb filter 20 shown in Fig. 2, a honeycomb filter having the following structure has been proposed: a plurality 
of porous ceramic members^ made.of silicortcart)ide.are. combined witixone anotheuhrough. sealtng.materjal layers. 
23 to form a ceramic block 25, and a sealing material layer 24 is formed on the circumference of this ceramic block 25 
(for example, see JP Kokai 2001-162121). Moreover, as shown in Figs. 3, each porous ceramic member 30 has a 
structure in that: a number of through holes 31 are placed in parallel with one another in the length direction; and 
partition wail 33 that separates the through holes 31 from each other functions as a filter. 

[0010] in other words, as shown in Fig. 3 (b) , each of the through holes 31 formed in the porous ceramic member 
30 is sealed with a plug 32 at either of ends of its exhaust gas inlet side or outlet side, so that exhaust gases that have 
entered one through hole 31 are discharged from another through hole 31 after having always passed through partition 
wall 33 that separates the through holes 31 from each other. 

[0011] Here, the sealing material layer 24 is provided so as to prevent exhaust gases from leaking through the 
circumference of each ceramic block 25 when the honeycomb filter 20 is installed in an exhaust passage of an internal 
combustion engine. 

[0012] The honeycomb filter 1 0 or the honeycomb filter 20 having the above-mentioned structure is installed in the 
exhaust passage in the internal combustion engine, so that particulates in the exhaust gases discharged from the 
internal combustion engine are captured by the wall portion 1 3 or the partition wall 33 when passing through the hon- 
eycomb filter; thus, the exhaust gases are purified. 

[0013] In particular, since the honeycomb filter 20 shown in Fig. 2 has superior heat resistance and provides easy 
regenerating processes and the like, it has been applied to various large-size vehicles and vehicles with diesel engines. 
[0014] In this arrangement, however, since the sealing material layer of the conventional honeycomb filter contains 
a comparatively large amount of organic components, in the case of a honeycomb filter in which sealing material layers 
account for a great ratio, it contains a large amount of organic components. 



EP 1 489 277 A1 



[ ?,° 15 L , M ° reover - the sealin 9 material la V er « not made into a completely dense body, and exhaust gases are sliahtlv 

' n, ° , thS layer I* rea8 ° n ' in CaS9 Wh9re 8UCh 8 h ° neyCOmb ** which nas^nng m2S 
~ . 96 am ° Un !. 0f 0r9aniC com P° nents as described a bove, is installed in an exhaust passage in a 

comoonen^/r! 1 T'*'? ^T' * h ^ 9 3 dl6Sel engine and the like - and used therein the organic 

components are discharged outs.de through exhaust gases that is flown into the sealing material layer, resulting in a 
great increase m the amount of the organic components (HC) of exhaust gases 

EUILn °t re ° Ver ' there hBVe bee " 3180 Pr ° P0Sed nonevcomb m ™ which support a catalyst in order to decompose 

SX^i^JS^TT 6XhaUSt 98SeS l ° b8 diSChar9ed ° UtS ' de ' H °-ever, conventional honeycomb 
cataTyst suff «^ntly decompose and eliminate the organic components by using the above-mentioned 



SUMMARY OF THE INVENTION 



\Tr2iJnr, I T 'T" " mad9 ,0 S0>Ve th * ab0Ve pr0blems ' and its ob i ect is to P™ide - honeycomb filter 
MttZltS ?H. 9aSeS 9 3 St L UCtUre in ,hat eVe " Whe " com P a ^^'y '«rge sealing material layer is included 
rnni«i ' a ,s _ nard| y m )/ 'ncrease.in the.amountof.organic components contained in exhaust gases to-be discharged 
[0018] According to a first aspect of the present invention, a honeycomb filter for purifying exhaust gases h aTa 

ml™ 

Zt , , P ' aCed , in Para " el With ° ne an ° ther in the ,en 9 ,h direction with wa » P° "'on intemosed therebetween 
a sealing material layer ,s formed on a circumference portion of the above mentioned columnar body- and the above 

lates Z rl l S?f T" *° ^ h ° ,eS fu " Ctions as a "~ f-on^g paTu 

STbSST h^n m ,T a t rea ° CCUP ^ ^ sea,inamaterial lavere 10 tba total area of a cross-section Including 
the through holes in the direction perpendicular to the through holes, in the above mentioned honeycomb filter for 

luZ2 T"! 9aSeS - ' S ~ 10 °' 5% ° f m ° re; and a ra,a V " ■* organic components to the honeyed i e o 
purifying exhaust gases is set to 0.5% by weight or less. 

[0019] Moreover, according to a second aspect of the present invention, a honeycomb filter for purifying exhaust 
gases has a structure in which: a plurality of a columnar porous, ceramic member are combined wrth one anothe 

member comprising a number of through holes, the above mentioned through holes being placed in parallel with one 
another ,n the length direction wfth partition wal. interposed therebetween? a sea.ing material layel ^fsTJned on a 
circumference portion of the above mentioned ceramic block; and the above mentioned partition wall which separates 
the above mentioned ^u*h holes functions as a filter for ^ 

1 US LT" ? SyerS l ! ,hS ,0ta ' arM °' 8 cross - secti on including the through holes in the direction terpen 
2£2 ,h ^ h ? U9h h0l0S - ,ne above mentioned honeycomb filter for purifying exhaust gases, is set to 2% or more 
* ? we^mor S teCOmP ° nente 10 ab ° Ve memi ° ned h0neycomb filter ,or « na e *haus, oases is setTo 
[0020] In the following description, the honeycomb filter for purifying exhaust gases according to the first asoect of 

referred Xo as the honeycomb filter according to the second aspect of the present invention. When the two are not 
pabular* d.tinguished, each of these is also simply referred to as the honeycomb After of the present inlmbn 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] Fig. 1(a) is a perspective view that schematically shows one example of a honeycomb filter for purifying 

3 (a) i S 3 P . ers ? ective view tnat schematically shows a porous ceramic member to be used for the hon- 
eycomb lifter according to the second aspect of the present invention shown in Fig. 2; and Fig. 3 (b) is a onqrtudTal 
cross-sectional view taken along line B-B of Fig. 3(a). W longnuanai 

fh* «Lh 9 4 1 T Vi6W th3t scnematical, y sh °ws a manufacturing process of the honeycomb filter according to 
the second aspect of the present invention. aw.wo.ngio 

i!S F i 9 c 18 8 ? raP . h tHat Sh0WS ,he reSU,tS ° f an evaluati °n test 1 and an evaluation test 2 of honeycomb filters 
according to Examples 1 to 4 and Comparative Example 1 . «"ojrvomo nuers 

ESI- F i 9 ' f iS 3 9faph that Sh ° WS the resUttS of the evaluat 'on test 1 and the evaluation test 2 of honeycomb filters 
according to Examples 5 to 8 and Comparative Example 2. wy^vmo inters 
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[0027J Fi 9- 7 is a graph that shows the results of the evaluation test 1 and the evaluation test 2 of honeycomb filters 
according to Examples 9 to 12 and Comparative Example 3. 

[0028] Fig. 8 is a graph that shows the results of the evaluation test 1 and the evaluation test 2 of honeycomb filters 
according to Comparative Examples 4 to 8. 

[0029] Fig. 9 is a graph that shows the results of the evaluation test 1 and the evaluation test 2 of honeycomb filters 
according to Examples 1 3 to 1 6 and Comparative Example 9. 

[0030] Fig. 1 0 is a graph that shows the results of the evaluation test 1 and the evaluation test 2 of honeycomb filters 
according to Examples 17 to 20 and Comparative Example 10. 

[0031] Fig. 1 1 is a graph that shows the results of the evaluation test 1 and the evaluation test 2 of honeycomb filters 
according to Examples 21 to 24 and Comparative Example 11. 

[0032] Fig. 1 2 is a graph that shows the results of the evaluation test 1 and the evaluation test 2 of honeycomb filters 
according to Comparative Examples 12 to 16. 

EXPLANATION OF SYMBOLS 



DETAILED DISCLOSURE OF THE INVENTION 

[0034] First, the description will be given of the honeycomb filter according to the first aspect of the present invention. 
[0035] A honeycomb filter according to the first aspect of the present invention has a structure in which: a columnar 
body made of porous ceramic comprises a number of through holes, the above mentioned through holes being placed 
in parallel with one another in the length direction with wall portion interposed therebetween; a sealing material layer 
is formed on a circumference portion of the above mentioned columnar body; and the above mentioned wall portion 
which separates the above mentioned through holes functions as a filter for collecting particulates wherein a rate Sot 
of an area occupied by the sealing material layers to the total area of a cross-section including the through holes in 
the direction perpendicular to the through holes, in the above mentioned honeycomb filter for purifying exhaust gases, 
is set to 0.5% or more, and a rate Va of organic components to the honeycomb filter for purifying exhaust gases is set 
to. 0.5% .by weight or.less. 

[0036] With respect to the* shape of the honeycomb filter according to the first aspect of the present invention, for 
example, a honeycomb filter having almost the same shape as that of the honeycomb filter 10 shown in Figs. 1 is 
proposed, and a sealing material layer is formed on a circumference of a columnar body comprising a number of 
through holes , the above mentioned through holes being placed in parallel with one another in the length direction 
with wall portion interposed therebetween. Here, wall portion that separates the through holes from each otherfunctions 
as a filter for collecting particles. 

[0037] In other words, each of the through holes formed in the columnar body has either of its ends on the inlet side 
and outlet side of exhaust gases sealed with a plug; thus, exhaust gases that have entered one of the through holes 
are allowed to discharge from another through hole after always passing through the wall portion that separates the 
corresponding through holes from each other. 

[0038] Here, the sealing material layer is provided in order to reinforce the circumference portion of the columnar 
body or improve the heat-insulating property of the honeycomb filter according to the first aspect of the present inven- 
tion. 

[0039] Not limited to a cylinder shape as shown in Figs. 1 , the honeycomb filter according to the first aspect of the 
present invention may have an optional shape such as an elliptical column shape, a rectangular column shape and 
the like. 

[0040] In the honeycomb filter according to the first aspect of the present invention, the sealing material layer is 
formed on only the circumference of the columnar body, and the rate Sec of the area occupied by the sealing material 
layers to the total area of a cross-section including the through holes in the direction perpendicular to the through holes 
is set to 0.5% or more. In other words, the honeycomb filter according to the first aspect of the present invention contains 



[0033] 



10, 20 
11,31 
12, 32 
13 

14, 23, 24 



honeycomb filter for purifying exhaust gases 

through hole 

plug 

wall portion 
sealing material layer 
ceramic block 
porous ceramic member- 
partition wall 



25 
30 
33 



EP1 489 277 A1 

comparatively large sealing material layer 

[0041] Here, for example, supposing that the radius of a circle constituted by the sealing material layer 14 and the 
columnar body 15 on the end face of the cylinder-shaped honeycomb filter 10, for example, shown in Figs. 1 , is rep- 
resented by r, the above-mentioned rate Sot is defined by (S2/S1) x 100 based upon the area S1 represented by nr 2 
and the area S2 of the sealing material layer 14 on the above-mentioned end face. 

[0042] When the Sa is less than 0.5%, the sealing material layer existing on the cross section including the through 
holes in the direction perpendicular to the through holes of the honeycomb filter becomes very thin, making it difficult 
for exhaust gases to flow into the sealing material layer. For this reason, even in the case where a large amount of 
organic components, that is, the rate Va exceeding 0.5% by weight of the organic components to the honeycomb filter 
thatwill be described later, is contained, the organic components are hardly discharged outside, with the result that the 
increase in the amou nt of organic components in the exhaust gases to be discharged outside upon using the honeycomb 
filter becomes smaller. However, in the case of the rate Sa of less than 0.5%, the area of the sealing material layer 
becomes so small that the isostatic strength of the honeycomb filter (isotropic pressure breaking strength) becomes 
insufficient. 

[0043] Moreover, with respect to the honeycomb filter according to the first aspect of the present invention, the rate 
Va of the organic components is set-to 0;5% by weight or less. 

[0044] Here, supposing that the total weight of the honeycomb filter according to the first aspect of the present 
invention is V1 and that the total weight of the organic components contained in the honeycomb filter is V2 the Va is 
defined as (V2/V1) x 100. 

[0045] When the rate Va exceeds 0.5% by weight, the organic components contained in the honeycomb filter be- 
comes greater, and in the case where the honeycomb filter according to the first aspect of the present invention that 
contains comparatively large sealing material layer having the rate Sa exceeding 0.5%, is used, there is a great increase 
in the amount of organic components in exhaust gases to be discharged outside. 

[0046] Moreover, the rate Va of the organic components to the honeycomb fitter according to the first aspect of the 
present invention is desirably set to 0.1% by weight or less. This is because: in the case where a honeycomb filter 
according to the first aspect of the present invention having comparatively large sealing material layer is used, It be- 
comes possible to further reduce the amount of organic components in exhaust gases to be discharged outside; fur- 
theimore,. ia u^case.where.the^ 

support a catalyst which is capable of decomposing and eliminating the organic components in the exhaust gases, it 
is possible to prevent the deterioration of the sealing property of the sealing material layer, which occurs because of 
the fact that, upon applying the catalyst thereto, th e organic components contained in the sealing material layer absorbs 
a slurry containing the catalyst to cause an abrupt expansion or the like in the sealing material layer during a heating 
treatment for fixing the catalyst; and also, it is possible to prevent the organic components contained in the sealing 
material layer from permeating into the catalyst to intervene the catalyst function, thus, it becomes possible to purify 
more exhaust gases. 

[0047] Thus, the method for setting the rate Va of the organic compo nents to 0.5% by weight or less to the honeycomb 
filter according to the first aspect of the present invention is not particularly limited, and examples thereof include a 
methooViawhich:then^ 

according to the first aspect of the present invention, which will be described later, are adjusted, and a method in which, 
afterforming a honeycomb structural body containing a large amount of organic components, the honeycombstructural 
body is heated so that the above-mentioned organic components are decomposed and eliminated. 
[0048] The material forming the sealing material layer is not particularly limited, and examples thereof include ma- 
terials such as an inorganic binder, an organic binder, inorganic fibers , inorganic particles and the like. 
[0049] Examples of the inorganic binder may include silica sol, alumina sol and the like. Each of these may be used 
alone or two or more kinds of these may be used in combination. Among the inorganic binders, silica sol is more 
desirably used. 

[0050] Here, the lower limit of the content of the inorganic binder is desirably set to 1% by weight, more desirably 
5% by weight on a solid component basis. In contrast, the upper limit of the content of the inorganic binder is desirably 
set to 30% by weight, more desirably 15% by weight, furthermore desirably g% by weight on a solid component basis. 
The content of the inorganic binder of less than 1% by weight tends to cause a reduction in the adhering strength, 
while the content exceeding 30% by weight tends to cause a reduction in the thermal conductivity. 
[0051 ] Examples of the organic binder may include polyvinyl alcohol, methyl cellulose, ethyl cellulose, carboxymethyl 
cellulose and the like. Each of these may be used alone or two or more kinds of these may be used in combination. 
Among the organic binders, carboxymethyl cellulose is more desirably used. 

[0052] Here, the lower limit of the content of the organic binder Is desirably set to 0.1% by weight, more desirably 
0.2% by weight, furthermore desirably 0. 4% by weight on a solid component basis. In contrast, the upper limit of the 
content of the organic binder is desirably set to 5.0% by weight, more desirably 1 .0% by weight, furthermore desirably 
0.6% by weight on a solid component basis. The content of the organic binder of less than 0.1% by weight tends to 
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cause a difficulty in suppressing migration of the sealing material layer, while the content exceeding 5.0% by weight 
tends to cause the rate Va of the organic components to a honeycomb filter to be manufactured to excead 0.5% by 
weight, depending on the thickness of the sealing material layer, with the result that a heating process needs to be 
carried out as a post-process upon manufacturing the honeycomb filter. 
s [0053] Examples of the inorganic fibers may include ceramic fibers such as silica-alumina, mullite, alumina, silica 
and the like. Each of these may be used alone or two or more kinds of these may be used in combination. Among the 
inorganic fibers, silica-alumina fibers are more desirably used. 

[0054] Here, the lower limit of the content of the inorganic fibers is desirably set to 10% by weight, more desirably 
20% by weight on a solid component basis. In contrast, the upper limit of the content of the inorganic fibers is desirably 
10 set to 70% by weight, more desirably 40% by weight, furthermore desirably 30% by weight on a solid component basis. 
The content of the inorganic fibers of less than 1 0% by weight tends to cause a reduction in elasticity, while the content 
exceeding 70% by weight tends to cause a reduction in thermal conductivity and degradation in effects as an elastic 
member. 

[0055] Examples of the inorganic particles may include carbides , nitrides and the like, and specific examples may 
*5 include inorganic powder or whiskers made of silicon carbide, silicon nitride and boron nitride. Each of these may be 
used alone, or two or more kinds of these may be used in combination. Among the inorganic fine particles, silicon 
carbide' having superior thermal-conductivity is-desirably used; 

[0056] Here, the lower limit of the content of the inorganic particles is desirably set to 3% by weight, more desirably 
10% by weight, furthermore desirably 20% by weight on a solid component basis. In contrast, the upper limit of the 
20 content of the inorganic particles is desirably set to 80% by weight, more desirably 60% by weight, furthermore desirably 
40% by weight on a solid component basis. The content of the inorganic particles of less than 3% by weight tends to 
cause a reduction in thermal conductivity, while the content exceeding 80% by weight tends to cause a reduction in 
adhering strength when the sealing material layer is exposed to high temperatures. 

[0057] Here, the lower limit of the shot content of the inorganic fibers is desirably set to 1% by weight, and the upper 
23' limit thereof is desirably set to 10% by weight, more desirably 5% by weight, furthermore desirably 3% by weight. The 
lower limit of the fiber length is desirably set to 1 mm, and the upper limit thereof is desirably set to 100 mm, more 
desirably 50 mm, furthermore desirably 20 mm. 

[0058] The shot content of less than 1% by weight is difficult to be achieved in the manufacturing, and the shot 
content exceeding^ 4.0% by^weight.tends . to damaged he 1 circumferenceof4he,column,body.. Moreover^the^fiberJength^., 
30 of less than 1 mm makes it difficult to form a honeycomb filter having elasticity, and in contrast, the shot content 
exceeding 100 mm tends to form fibers into a pill shape, resulting in degradation in dispersion of inorganic particles 
and the subsequent difficulty in making the thickness of the sealing material layer thinner. 

[0059] Here, the lower limit of the particle size of the inorganic particles is desirably set to 0.01 jim, more desirably 
0.1 u,m. In contrast, the upper limit of the particle size of the inorganic particles is desirably set to 100u,m, more desirably 
35 15 u/n, furthermore desirably 10 u/n. The diameter of inorganic particles of less than 0.01 u/n tends to cause high 
costs, and in contrast, the diameter of inorganic particles exceeding 100 u,m tends to cause degradation in adhering 
strength and thermal conductivity. 

[0060]. Here, the organic components contained in the honeycomb filter according to the first aspect of the present 
invention specifically correspond to the organic binder, and the rate Va of the organic binder to the honeycomb filter 

40 according to the first aspect of the present invention is set to 0.5% by weight or less. 

[0061] Even in the case where a great amount of these organic components are contained in a honeycomb filter 
including comparatively large sealing material layer, the organic components are easily decomposed into C0 2 and 
H 2 0 when heated in an atmosphere containing sufficient oxygen, and hardly cause toxic gases. However, since the 
honeycomb filter for purifying exhaust gases is installed at a portion exposed to exhaust gases that contain little oxygen 

45 and are discharged from an engine, the organic components are not completely decomposed, and tend to be discharged 
as hydrocarbons such as methane, ethane, ethylene, propylene and the like and toxic gases such as CO, NO x and 
the like, resulting in serious problems. 

[0062] In the honeycomb filter according to the first aspect of the present invention, however, even though the hon- 
eycomb filter includes comparatively large sealing material layer, since the amount of organic components contained 
50 therein is extremely small so that, upon actually using the honeycomb filter according to the first aspect of the present 
invention, there is hardly any increase in the amount of hydrocarbons and toxic gases such as CO, NO x and the like 
contained in exhaust gases to be discharged outside, making it possible to eliminate problems caused by the organic 
components contained in the honeycomb filter, 

[0063] The material for the columnar body made of porous ceramics is not particularly limited, and examples thereof 
55 may include nitrideceramicssuchasaluminumnitride, siliconnitride, boron nitride, titanium nitride and the like, carbide 
ceramics such as silicon carbide, zirconium carbide, titanium carbide, tantalum carbide, tungsten carbide and the like, 
and oxide ceramics such as alumina, zirconia, cordierite, mullite and the like. Normally, oxide carbide such as cordierite 
and the like is used. This is because: this material allows low manufacturing costs, has a comparatively small thermal 
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expansion coefficient, and is less susceptible to oxidation in use. Here, silicon-containing ceramics inwhichmetallic 
silicon is blended in the above-mentioned ceramics and ceramics that are combined by silicon and a silicate compound 
may be used. r 

100641 The average pore diameter of the honeycomb filter according to the first aspect of the present invention is 
* desirably set ,n a range from 5 to 1 00 urn. The average pore diameter of less than 5 urn tends to cause clogging of 
particulates easily. In contrast, the average pore diameter exceeding 1 00 urn tends to cause particulates to pass through 
the pores, with the result that the particulates cannot be collected, making the honeycomb filter unable to function as 
3 t i tier. 

, 0 I0 °!. 5 L Hef !' thC above - mentioned P° re diameter of the porous ceramic member can be measured through known 
methods such as a mercury press-in method, a measuring method using a scanning electronic microscope (SEM), 

3nQ tn9 IlKe. 

[0066] Although not particularly limited, the porosity of the honeycomb filter according to the first aspect of the present 
invent.™ is desirably set in a range from 40 to 80%. When the porosity is less than 40%, the honeycomb filter is more 
susceptible to clogging, while the porosity exceeding 80% causes degradation in the strength of the columnar body 
'5 with the result that it might be easily broken. 

I006 7L I? 6 "*' thS above - rnentioned P or osity can be measured through known methods such as a mercury press-in 
mnco, A / Ch,medes method - ameasuringmethodusinga scanningelectronicmicroscope (SEM), and the like 
[0068] With respect to the particle size of ceramic particles to be used upon manufacturing the columnar body al- 
though not particularly limited, those which are less susceptible to shrinkage in the succeeding sinteringprocess are 
desirably used, and for example, those particles, preparedby combining 100 parts by weight of powder having an 
average partcle size from 0.3 to 50 »im with 5 to 65 parts by weight of powder having an average particle size from 
0 1 to 1^0 urn, are desirably used. By mixing ceramic powders having the above-mentioned respective particle sizes 

' menti ° neCl blendin 9 rati0 -tt * possible.to provideacolumnar body-made of pomus ceramics 
[0069] Moreover, in the columnar body of the honeycomb filter according to the first aspect of the present invention 
desirably, a catalyst for purifying exhaust gases is supported inside the columnar body. When the catalyst for purifyino 
exhaust gases is supported in the columnar body, the honeycomb filter according to the first aspect of the present 
invention can function as a filter capable of collecting particulates in. exhaust, gases.and,. also,, function. as- a catalyst- - 
convertercapable of purifying toxic components such as HC, CO, NO, and the like as well as HC and the like generated 
™, an, ^ COmP ° nentS Sli9htly contained in 0,8 ^neycomb filter according to the first aspect of the present invention 
[0070] The catalyst to be supported on the honeycomb filter of the present invention is not particularly limited and 
examples thereof may include noble metals such as platinum, palladium, rhodium and the like. Each of these noble 
metals may be used alone, or a plurality of these may be used in combination. 

[0071] Here the catalyst for purifying exhaust gases made of the above-mentioned noble metal forms a so-called 
ox.ctaing catalyst; however, with respect to the catalyst for purifying exhaust gases, not particularly limited to the noble 
metals, any optional material such as rare-earth metal, alkali metal, alkali earth metal and the like may be used as 
long as it can purify toxic components such as CO, HC, NO x and the like in exhaust gases. 

[0072] In this manner, when the catalyst for purifying exhaust gases is supported on the honeycomb filter according 
to. the.f.rstaspect,of,the present invention; the toxic components-, suctf as CO, HC/ NO x and the like, contained in 
exhaust gases decharged from an internal combustion system such as an engine, are made in contact with the above- 
mentioned catalyst for purifying exhaust gases so that reactions, mainly indicated by the following reaction formulas 
p; to (3), is promoted. 



20 



25 



30 



35 



40 



45 



CO + (1/2)0 2 -» CO z (1) 
C m H n + ( m + (n/4))0 2 -> mC0 2 + (n/2)H 2 0 (2 ) 
50 CO + NO (1/2)N 2 + C0 2 (3) 

[0 °Jl ] ^ B e f S9d UP ° n the reaCti ° n formu,as < 1 > and ( 2 )' CO and HC contained in exhaust gases are oxidized into CO, 
; d UROn thB reacti0n f0rmu,a (3) ' N0 * contained jn ^haust gases is reduced by CO into No and CO, 
« EST 1 " ° ther T? 8 ' When the ° ata,ySt f0r pUrlfying exhausl 9 ases is ^Ported on the honeycomb filter according 
to the first aspect of the present invention, the toxic components such as CO, HC, NO x and the like contained in exhaust 
gases are purified into C0 2 , H 2 0, N 2 and the like, and discharged outside. 

[0075] As described above, the honeycomb filter according to the first aspect of the present Invention has a rate Sa 
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of 0.5% or more of the area occupied by the sealing material layers to the total area of a cross-section including the 
through holes in the direction perpendicular to the through holes, that is, comparatively large sealing material layer 
included therein; however, the rate Va of organic components contained therein is set to 0.5% by weight or less that 
is a very low level so that, even when the honeycomb filter according to the first aspect of the present invention is 
5 installed in an exhaust passage of an internal combustion system such as an engine, and used, there is hardly any 
increase in the organic components in exhaust gases to be discharged. 

[0076] Moreover, a catalyst for purifying exhaust gases may be supported on a columnar body of the honeycomb 
filter according to the first aspect of the present invention so that it is allowed to function as a filter for collecting par- 
ticulates in exhaust gases, and also to function as a catalyst converter; thus, even in the case where organic compo- 
se nents, slightly contained in the honeycomb filter according to the first aspect of the present invention, are discharged 
outside, these organic components are positively decomposed and purified by the catalyst for purifying exhaust gases. 
[0077] Next, description will be given of the honeycomb filter according to the second aspect of the present invention. 
[0078] A honeycomb filter for purifying exhaust gases according to the second aspect of the present invention has 
a structure in which: 

15 

aplurality of a rectangular columnar porous ceramic member are combined with one another through a sealing 
material.layer.to.form < a.ceramiablock,.each.of the above mentioned.columnar porous ceramic member comprising 
a number of through holes, the above mentioned through holes being placed in parallel with one another in the 
length direction with partition wall interposed therebetween; 
20 a sealing material layer is formed on a circumference portion of the above mentioned ceramic block; and 

the above mentioned partition wall which separates the above mentioned through holes functions as a filter for 
collecting particulates, 

wherein 

25 

a rate sp of an area occupied by the sealingmaterial layers to the total area of a cross-section including the through 
holes in the direction perpendicular to the through holes, in the above mentioned honeycomb filter for purifying 
exhaust gases, is set to 2% or more, and 

a rate Vp of organic components to the above mentioned honeycomb filter for purifying exhaust gases is set to 
30 0.5% by weight or less. 

[0079] With respect to the shape of the honeycomb filter according to the second aspect of the present invention, 
for example, a honeycomb filter having almost the same shape as that of the honeycomb filter 20 shown in Fig. 2 is 
proposed, and a plurality of porous ceramic members are combined with one another through sealing material layers 
35 to form a ceramic block, and a sealing material layer is also formed on a circumference of the ceramic block. Moreover, 
each of the porous ceramic members has a number of through holes, the above mentioned through holes being placed 
in parallel with one another in the length direction with partition wall interposed therebetween so that the partition wall 
that separates the through rrores:frorrr each:other4unclior^,as:f!ltere*.. 

[0080] In other words, each of the through holes formed in the porous ceramic member has either of its ends on the 
40 inlet side and outlet side of exhaust gases sealedwith a plug; thus, exhaust gases that have entered one of the through 
holes are allowed to discharge from anotherthrough hole after always passing through the partition wall that separates 
the corresponding through holes. 

[0081] Here, the sealing material layer, which is formed on the circumference of the ceramic block, is provided so 
as to prevent exhaust gases from leaking from the circumference portion of the ceramic block, when the honeycomb 
45 filter according to the second aspect of the present invention is installed in an exhaust passage of an internal combustion 
system. 

[0082] Here, not limited to a cylinder shape as shown in Fig. 2, the honeycomb filter according to the second aspect 
of the present inventionmay have an optional shape such as an elliptical column shape, a rectangular column shape 
or the like. 

so [0083] In the honeycomb filter according to the second aspect of the present invention, the sealing material layer is 
formed between porous ceramic members as well as on the circumference of the ceramic block, and the rate sp of 
the area occupied by the sealing material layers to the total area of a cross-section including the through holes in the 
direction perpendicular to the through holes is set to 2% or more. In other words, the honeycomb filter according to 
the second aspect of the present invention contains comparatively large sealing material layer. 

55 [0084] Here, for example, supposing that the radius of a circle constituted by the sealing material layer 24 and the 
ceramic block 25 on the end face of the cylinder-shaped honeycomb filter 20, for example, shown in Fig. 2, is repre- 
sented by r\ the above-mentioned rate sp is defined by (S'2/S'1) x 100 based upon an area S'1 represented by nf 2 
and the area S*2 of the sealing material layer 23 and the sealing material layer 24 on the above-mentioned end face. 



8 



EP 1 489 277 A1 



[0085] When the above-mentioned Sp is less than 2%, the sealing material layer existing on the cross-section in- 
cluding the through holes in the direction perpendicular to the through holes of the honeycomb filter becomes very 
thin, making it difficult for exhaust gases to flow into the sealing material layer. For this reason, even in the case where 
a large amount of organic components, that is, the rate vp exceeding 0.5% by weight of the organic components to 
the honeycomb filter, is contained, the organic components are hardly discharged outside, with the result that the 
increase in the organic component amount in the exhaust gases to be discharged outside upon using the honeycomb 
filter becomes smaller. However, in the case of the rate sp is less than 2%, the area of the sealing material layer 
becomes so small that the isostatic strength of the honeycomb filter (isotropic pressure breaking strength) becomes 
insufficient. 

[0086] Here, the rate Vp of organic components to the honeycomb filter according to the second aspect of the present 
invention is set to 0.5% by weight or less, 

[0087] Incidentally, with respect to the honeycomb filter according to the second aspect of the present invention, the 
above-mentioned rate vp is defined as (V2/V1 ) x 1 00, supposing that the total weight of the honeycomb filter according 
to the second aspect of the present invention is V1 , and that the total weight of the organic components contained in 
the honeycomb filter is V2. 

[0088] When the above-mentioned rate^vp exceeds. 0.5% by weight r thaoj:ganic.compo^ents contained, in the hon- 
eycomb filter becomes greater, and in the case where the honeycomb filter according to the second aspect of the 
present invention that contains comparatively large sealing material layer with the above-mentioned rate Sp exceeding 
2%, is used, there is a great increase in the amount of organic components in exhaust gases to be discharged outside. 
[0089] Moreover, the rate vp of the organic components to the honeycomb filter according to the second aspect of 
the present invention is desirably set to 0.1 % by weight or less . This is because: in the case where a honeycomb filter 
according to the second aspect of the present invention having comparatively large sealing material layer is used, it 
becomes possible to further reduce the amount of organic components in exhaust gases to be discharged outside; 
furthermore,, in the case where the honeycomb filter according to the-first aspect of the present invention* is allowed ta 
support a catalyst capable of decomposing and eliminating the organic components in the exhaust gases, it is possible 
to prevent the deterioration of the sealing property of the sealing material layer, which occurs because of the fact that, 
upon applying the catalyst thereto, the organic components contained in the sealing material layer absorbs a slurry 
containing the catalyst to.cause an abrupt expansions the like mthe sealmg.materiaJ layer-during a. beating treatment, 
for fixing the catalyst; it is possible to prevent the organic components contained in the sealing material layer from 
permeating into the catalyst to intervene the catalyst function, thus, it becomes possible to purify more exhaust gases. 
[0090] Thus, the method for setting the rate VP of the organic components to 0.5% by weight or less to the honeycomb 
filter of the present invention is not particularly limited, and examples thereof include a method in which the material, 
the blending ratio and the like for the sealingmaterial layer forming the honeycomb filter according to the secondaspect 
of the present invention, which will be described later, are adjusted, and a method in which, after forming a honeycomb 
structural body containing a large amount of organic components, the honeycomb structural body is heated so that 
the above-mentioned organic components are decomposed and eliminated. 

[0091] The material forming the sealing material layer is not particularly limited, and examples thereof may include- 
materials such.as.an inorganic.binder,, aa organic binder, inorganic-fibers, inorganic partktes^and-thelike> whicrrare 
the same materials as those described in the honeycomb filter according to the first aspect of the present invention. 
[0092] Here, the organic components contained in the honeycomb filter according to the second aspect of the present 
invention specifically correspond to the above-mentioned organic binder, and the rate Vp of the organic binder to the 
honeycomb filter according to the second aspect of the present invention is set to 0.5% by weight or less. 
[0093] Even in the case where a honeycomb filter that contains comparatively large sealing material layer is also 
allowed to contain many organic components, the organic components are easily decomposed into C0 2 and H 2 0, 
when heated in an atmosphere containing sufficient oxygen, and hardly cause toxic gases. However, since the hon- 
eycomb filter for purifying exhaust gases is placed at a portion exposed to exhaust gases that contain little oxygen and 
are discharged from an engine, the organic components are not completely decomposed, and tend to be discharged 
as hydrocarbons such as methane, ethane, propylene andthe like, andtoxicgases such as CO, NO x and the like, re- 
sulting in serious problems. 

[0094] In the honeycomb filter according to the second aspect of the present invention, however, even in the case 
where the honeycomb filter includes comparatively large sealing material layer, since the amount of organic compo- 
nents contained therein is extremely small so that, upon actually using the honeycomb filter according to the first aspect 
of the present invention, there is hardly any increase in the amount of hydrocarbons and toxic gases such as CO, NO x 
and the like contained in exhaust gases to be discharged outside, making it possible to eliminate problems caused by 
the organic components contained in the honeycomb filter. 

[0095] The material for the porous ceramic member is not particularly limited, and examples thereof may include 
nitride ceramics, carbide ceramics and oxide ceramics that are the same materials as the columnar body described in 
the honeycomb filter according to the first aspect of the present invention. In particular, silicon carbide, which has high 
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heat resistance, superior mechanical properties and high thermal conductivity, is desirably used. Here, silicon-contain- 
ing ceramics in which metallic silicon is blended in the above-mentioned ceramics and ceramics that are combined by 
silicon and a silicate compound may be used. 

[0096] The average pore diameter and the porosity of the porous ceramic member according to the second aspect 
5 of the present invention are not particularly limited, and the same average pore diameter and porosity as the honeycomb 
filter according to the first aspect of the present invention are desirably used, and with respect to the particle size of 
ceramics to be used upon manufacturing such a porous ceramic member, notparticularly limited, the same particle 
size as the above-mentioned honeycomb filter according to the first aspect of the present invention is desirably used. 
[0097] Moreover, a catalyst for purifying exhaust gases is desirably supported on the porous ceramic member of the 
*o honeycomb filter according to the second aspect of the present invention in the same manner as the honeycomb filter 
according to the first aspect of the present invention. 

[0098] As described above, the honeycomb filter according to the second aspect of the present invention has a rate 
Sfi of 2% or more of the area occupied by the sealing material layers to the total area of a cross-section including the 
through holes in the direction perpendicular to the through holes, that is, comparatively large sealing material layer 
included therein; however, the rate VP of organic components contained therein is set to 0.5% by weight or less that 
is a very low level so that, even when the honeycomb filter according to the second aspect of the present invention is 
placed*irr an~exhaust passage of* an' internal' combustion^systenrv suclr as an engine; and used; there is- hardly any^ 
increase in the organic components in exhaust gases to be discharged. 

[0099] Moreover, a catalyst for purifying exhaust gases may be supported on a columnar body of the honeycomb 
20 filter according to the second aspect of the present invention so that it is allowed to function as a filter for collecting 
particulates in exhaust gases, and also to function as a catalyst converter; thus, even in the case where organic com- 
ponents, slightly contained in the honeycomb filter according to the second aspect of the present invention, are dis- 
charged outside, these organic components are positively decomposed and purified by the catalyst for purifying exhaust 
gases. 

25 [0100] Referring to Figs, t to 4y description* wilr be*given-of one exampte of'a marTufacturinormethod for the-above^- 
mentioned honeycomb filter of the present invention. 

[0101] First, the manufacturing method for the honeycomb fitter according to the first aspect of the present invention 
will be described. 

[0102] Upon.manufacturing.the.honeycomb .filter.according.to.the.first aspectof .the. present. invention, a. binder and.. . 
30 a dispersant solution are added to the above-mentioned ceramics powder to prepare a material paste. 

[0103] The binder is not particularly limited, and examples thereof may include methylcellulose, carboxy methylcel- 
luiose, hydroxy ethylcellulose, polyethylene glycol, phenolic resin and epoxy resin. 

[0104] The blended amount of the above-mentioned binder is desirably set to 1 to 10 parts by weight with respect 
to 100 parts by weight of ceramic powder. 
35 [01 05] The dispersant solution is not particularly limited, and examples thereof may include an organic solvent such 
as benzene; alcohol such as methanol; and water. 

[0106] An appropriate amount of the above-mentioned dispersant solution is mixed therein so that the viscosity of 
the, mixed composition is set within, a-f ixedranger 

[0107] These ceramic powder, binder and dispersant solution are mixed by an attritor or the like, and sufficiently 
40 kneaded by a kneader or the like, and then formed into a columnar ceramic formed body having almost the same shape 

as the columnar body 15 shown in Figs. 1 by using an extrusion-molding method or the like. 

[0108] Here, a molding auxiliary may be added to the above-mentioned material paste, if necessary. 

[0109] The molding auxiliary is not particularly limited, and examples thereof may include ethylene glycol, dextrin, 

fatty acid soap, polyalcohol and the like. 
45 [0110] After the above-mentioned ceramic formed body has been dried by using a microwave drier or the like, a 

mouth-sealing process, which injects a sealantmaterial (plug) ^predetermined through holes, is carried out and this 

is again subjected to a drying process using a microwave drier or the like. 

[0111] The sealant material (plug) is not particularly limited, and examples thereof may include the same material 
as the above-mentioned material paste. 
50 [0112] Next, the formed body that has been subjected to the mouth-sealing process is subjected to degreasing and 
sintering processes under predetermined conditions so that a columnar body 1 5 made of porous ceramics is produced. 
[0113] Next, a sealing material layer forming process for forming a sealing material layer 1 4 on the circumference 
of the columnar body 15 thus manufactured is carried out. 

[0114] In this sealing material layer forming process, first, the columnar body 15 is rotated around an axis on which 
55 it is supported in the length direction. 

[0115] Although notparticularly limited, the rotational speed of the columnar body 15 is desirably set to 2 to 10 min' 1 . 
[01 16] Successively, sealing material paste is allowed to adhere to the circumference of the rotating columnar body 
1 5 to form a sealing material paste layer. 
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[01 1 7] The sealing material paste Is not particularly limited, and examples thereof may include the above-mentioned 
paste containing materials such as an inorganic binder, an organic binder, inorganic fibers, inorganic particles and the 
like. 

[0118] Here, the above-mentioned sealing material paste may contain a slight amount of moisture, a solvent and 
the like; however, most of thesemoisture, solvent and the like are normally scattered during a heating process and the 
like that follow the applying process of the sealing material paste. 

[0119] The sealing material paste may contain about 35 to 65% by weight of moisture and other solvents such as 
acetone, alcohol and the like with respect to the total weight in addition to the above-mentioned inorganic fibers, inor- 
ganic binder, organic binder and inorganic particles, in order to soften the sealing material paste and allow it to have 
proper fluidity so as to be easily applied, and the viscosity of the sealing material paste is desirably set to 1 5 to 25 Pa 
• s (10,000 to 20,000 cps (cP)). 

[0120] Moreover, as described in the honeycomb filter according to the first aspect of the present invention, the 
honeycomb filter according to the first aspect of the present invention has a structure in that the rate Sa of the area 
occupied by the sealing material layers to the total area of a cross-section including the through holes in the direction 
perpendicular to the through holes is set to 0.5% or more. 

[0121] Therefore, the thickness of the sealing material paste layer needs to be adjusted in this sealingmaterial layer 
forming process so that the rate Sa is set to 0.5% or more after the honeycomb filter has been manufactured. 
[0122] As described in the honeycomb filter according to the first aspect of the present invention, the organic com- 
ponents contained in the honeycomb filter according to the first aspect of the present invention specifically correspond 
to the organic binder contained in the sealing material paste. For this reason, the materials constituting the sealing 
material paste, blended ratio thereof and the like are desirably adjusted so that the rate Va of organic components 
contained in the finished honeycomb filter is set to 0.5% by weight or less. 

[0123] Here, instead of preliminarily adjusting the materials of the sealing material paste, blended ratio thereof and 
the like, by carrying out a heating process under conditions of, for example, 500 to 700°C for 10 to 90 minutes after 
the sealing, material, layei: farmingprQcess.,.the.organic components contained in the sealing.material layer are decom- 
posed and removed so that a honeycomb filter in which the rate Va of organic components contained therein is set to 
0.5% by weight or less may be formed. 

[0124] Then, the sealing material paste layer, thus formed, is dried at a temperature of about 120°C so that the 
moisture is evaporated to form a sealing material layer 14; thus, as shown in Figs. 1 , the manufacturing process of.the . 
honeycomb filter 1 0 according to the first aspect of the present invention in which the sealingmaterial layer 1 4 is formed 
on thecircumference of the columnar body 15 is completed. 

[0125] Next, the manufacturing method for the honeycomb filter according to the second aspect of the present in- 
vention will be described. 

[0126] Upon manufacturing the honeycomb filter according to the second aspect of the present invention, first, a 
ceramic laminated body to become a ceramic block 25 is produced. 

[0127] The ceramic laminated body has a columnar structure in that a plurality of rectangular columnar porous ce- 
ramic members 30 having a number of through holes 31 placed in parallel with one another in the length direction with 
partition wall 33 interposed therebetween are combined with one another through sealing material layers 23. 
[0128] Upon manufacturing the porous ceramic member 30, first, amixed composition is preparedby adding abinder 
and a dispersant solution to the aforementioned ceramic powder. 

[0129] The method for preparing the above-mentioned mixed composition is not particularly limited, and the same 
method as that of the material paste as described in the manufacturing method for the honeycomb filter according to 
the first aspect of the present invention may be used. 

[0130] Next, the above-mentioned mixed composition is mixed by an attritor or the like, and sufficiently kneaded by 
a kneader or the like and then formed into a columnar ceramic raw formed body having almost the same shape as the 
porous ceramic member 30 shown in Figs. 3 by using an extrusion-molding method or the like. 
[0131] After the above-mentioned raw formed body has been dried by using a microwave drier or the like, a mouth- 
sealing process, which inj ects a sealant material (plug) to predetermined through holes, is carried out, and this is again 
subjected to a drying process using a microwave drier or the like. 

[0132] The above-mentioned sealant material (plug) is not particularly limited and, for example, the same material 
as the above-mentioned mixed composition may be used. 

[01 33] Next, the raw formed body that has been subjected to the mouth-sealing process is subjected to a degreasing 
process by heating it to a temperature of 400 to 650°C in an oxygen-containing atmosphere; thus, the binder and the 
like are vaporized, decomposed and eliminated so that almost only the ceramic powder is allowed to remain. 
[0134] Next, the formed body that has been degreased is sintered by heating it at about 1400 to 2200°C in an inert 
gas atmosphere such as nitrogen, argon and the like so that the ceramics powder is sintered to produce a porous 
ceramic member 30. 

[0135] Next, as shown in Fig. 4, upon manufacturing the ceramic laminated body, first, porous ceramic members 30 



11 



EP 1 489 277 A1 



are placed on a base 40 the upper portion of which is designed to have a V-shape in its cross-section so as to allow 
the porous ceramic members 30 to be stacked thereon in a tilted manner, and sealing material paste to form a sealing 
material layer 23 is then applied onto two side faces 30a and 30b facing upward with an even thickness to form a paste 
layer 41 ; thereafter, a laminating process for forming another porous ceramic member 30 on this paste layer is suc- 
cessively repeated so that a columnar ceramic laminated body having a predetermined size is manufactured. At this 
time, with respect to the porous ceramic members 30 corresponding to four comers of the ceramic laminatedbody, a 
triangular columnar porous ceramic member 30c, which is formed by cutting a quadrangular columnar porous ceramic 
member into two, is bonded to a resin member 42 having the same shape as the triangular columnar porous ceramic 
member 30c by using a both-sides tape with easy peelabil ity to prepare a corner member, and these corner members 
are used for the four corners of the ceramic laminated body, and after the lamination processes of the porous ceramic 
members 30, all the resin members 42 forming the four corners of the ceramic laminated body are removed; thus, a 
ceramic laminated body having a polygonal column-shape in its cross section may be formed. With this arrangement, 
it is possible to reduce the quantity of a waste corresponding to porous ceramic members to be disposed of, after the 
formation of the ceramic block by cutting the circumference portion of the ceramic laminated body. 
[0136] With respect to a method for manufacturing the ceramic laminated body having a polygonal column-shape in 
its cross section except for the method shown in Fig. 4, for example, a method in which the porous ceramic members 
to be located on four corners are omitted-and'a methocr in which'porous'ceramic members^having^triangularcolumrr 
shape are combined with one another may be used in accordance with the shape of a honeycomb filter to be manu- 
factured. Here, a quadrangular columnar ceramic member may of course be manufactured. 

[0137] Further, this ceramic laminated body is heated in a temperature range from 50 to 100°C for about 1 hour so 
that the paste layer is dried and solidified to form a sealing material layer 23; thereafter, by cutting the circumference 
portion thereof by using a diamond cutter or the like into a shape as shown in Fig. 2 so that a ceramic block 25 is formed. 
[0138] With respect to the material for preparing the sealing material paste to form the sealing material layer 23, not 
particularly limited, for example, the same material as the sealing material paste described in the manufacturing method 
of the honeycomb filter according to the first aspect of the present invention may be used. 

[0139] Next, a sealing material layer forming process for forming a sealing material layer 24 on the circumference 
of the columnar body 25 thus manufactured is carried out so that the manufacturing method for a honeycomb filter 20 
according to the second aspect of the present invention with the sealingmaterial layer 24 formed on the circumference 
of the ceramic block25 incompleted/ - 

[0140] Here, with respect to this sealing material layer forming process, not particularly limited, for example, the 
same sealing material layer forming process as described in the manufacturing method of the honeycomb filter ac- 
cording to the first aspect of the present invention may be used. 

[0141] Moreover, as described in the honeycomb filter according to the second aspect of the present invention, the 
honeycomb filter according to the second aspect of the present invention has a structure in that the rate S{3 of the area 
occupied by the sealing material layers to the total area of a cross-section including the through holes in the direction 
perpendicular to the through holes is set to 2% or more. 

[0142] Therefore, upon forming the ceramic laminated body in the manufacturing method for the honeycomb filter 
according to the second aspect of the present invention, the thickness of the sealing material paste layer needs to be 
adjusted so that the above-mentioned rate-S0*is serto 2% or more afterthe- honeycomb firterhas beerrmanufactured: 
[0143] As described in the honeycomb filter according to the second aspect of the present invention, the organic 
components contained in the honeycomb filter according to the second aspect of the present invention specifically 
corresponds to the organic binder contained in the sealingmaterial paste. For this reason, the materials constituting 
the sealing material paste, blended ratio thereof and the like are desirably adjusted so that the rate Vp of organic 
components contained in the finished honeycomb filter is set to 0.5% by weight or less. 

[0144] Here, instead of preliminarily adjusting the materials of the sealing material paste, blended ratio thereof and 
the like, by carrying out a heating process under conditions of, for example, 500 to 700°C for 10 to 90 minutes after 
the sealing material layer foimingprocess, the organic components contained in the sealing material layer are decom- 
posed and removed so that a honeycomb filter in which the rate V0 of organic components is set to 0.5% by weight or 
less may be formed. 

[0145] Moreover, a catalyst for purifying exhaust gases may be supported on the honeycomb filter of the present 
invention thus manufactured. The honeycomb filter of the present invention on which such a catalyst for purifying 
exhaust gases has been supported is allowed to function as a f ilter capable of collecting particulates in exhaust gases, 
and also to function as a catalyst converter capable of purifying toxic components such as HC, CO, NO x and the like 
as well as gases generated by organic components slightly contained in the honeycomb filter according to the first 
aspect of the present invention. 
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BEST MODE FOR CARRYING OUT THE PRESENT INVENTION 

[0146] Hereinafter, description will be given of the present Invention In detail by means of examples; however the 
present invention is not intended to be limited by these examples. 

(Example 1) 



w 



15 



20 



[0147] d ) Talc having an average particle size of 10 u,m (40 parts by weight) , kaolin having an average particle size 
of 9 u.m (10 parts by weight) , alumina having an average particle size of 9.5 u,m (17 parts by weight) , aluminum 
hydroxide having an average particle size of 5 ^m (16 parts by weight) , silica having an average particle size of 10 
»xm (15 parts by weight) and a molding auxiliary (ethylene glycol) (6 parts by weight) were added to 1 6 parts by weight 
of water, and mixed and kneaded to prepare a material paste. 

[0148] Next, the above-mentioned material paste was loaded into an extruder, and extruded at an extrusion rate of 
1 0 cm/min so that a ceramic formed body having almost the same shape as the honeycomb filter 1 0 shown in Figs. 1 
was formed, and the ceramic formed body was dried by a microwave drier, and predetermined through holes were 
then filled with a paste having the same composition as the material paste, and after this had been again dried by using 
a dner, this was degreased at 400°C, and sintered at 1400°C in a normal-pressure argon.atmosphere.for 3 hours.so 
that a columnar body comprising a cylinder shape, made of cordierrte, was manufactured, as shown in Figs. 1 . 
[0149] (2) A heat resistant sealing material paste, which was composed of 30% by weight of alumina fibers having 
a fiber length of 0.2 mm, 21 % by weight of silicon carbide particles having an average particle size of 0. 6 urn, 15% by 
weight of silica sol, 5.6% by weight of carboxymethyl cellulose and 28.4%'by weight of water, was used to form a 
sealing material paste layer on the circumference of the columnar body. 
[0150] Then, by drying this sealing material paste layer at 120*C to form a sealing material layer, a cylinder-shaped 
honeycomb structural body having a thickness of sealing material layer of 0.5 mm and a diameter of an end face of 
& 143.8 mm, as shown in Figs. 1 , was manufactured. 

[0151] In the honeycomb structural body thus manufactured, the rate of the area occupied by the sealing material 
layers to the total area of a cross-section including the through holes in the direction perpendicular to the through holes 
was 1 .4%, and the rate of organic components to the honeycomb structural body was 0.60% by weight. 
[0152] Further, the above-mentioned honeycomb structural body was heated at 700°C.in an oxygen atmosphere for 
30 90 minutes so-mat a'honeycomb After having a structure in that the rate Set of the area occupied by the sealing material 
layers to the total area of a cross-section including the through holes in the direction perpendicular to the through holes 
was 1 .4%, with the rate Va of organic components being set to 0.05% by weight, was manufactured. 

(Example 2) 

[0153] First, the same processes as those of (1) and (2) of Example 1 were carried out to produce a honeycomb 
structural body. 

[0154] Then, the above-mentioned-honeycomb structural body was heatcnlat 600?C in an oxygen atmospherefor - 
60 minutes so that a honeycomb filter having a structure in that the rate Sot of the area occupied by the sealing material 
layers to the total area of a cross-section including the through holes in the direction perpendicular to the through holes 
was 1 .4%, with the rate Va of organic components being set to 0.10% by weight, was manufactured. 

(Example 3) 



35 



40 



[0155] First, the same processes as those of (1 ) and (2) of Example 1 were carried out to produce a honeycomb 
structural body. 

[0156] Then, the above-mentioned honeycomb structural body was heated at 500°C in an oxygen atmosphere for 
30 minutes so that a honeycomb filter having a structure in that the rate Sa of the area occupied by the sealing material 
layers to the total area of a cross-section including the through holes in the direction perpendicular to the through holes 
was 1 .4%, with the rate Va of organic components being set to 0.20% by weight, was manufactured. 

(Example 4) 



[0157] First, the same processes as those of (1) and (2) of Example 1 were carried out to produce a honeycomb 
5 5 structural body. 

[0158] Then, the above-mentioned honeycomb structural body was heated at 500°C in an oxygen atmosphere for 
1 0 minutes so that a honeycomb filter having a structure in that the rate Sa of the area occupied by the sealing material 
layers to the total area of a cross-section including the through holes in the direction perpendicular to the through holes 
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was 1 .4%, with the rate Va of organic components being set to 0.50% by weight, was manufactured. 
(Comparative Example 1) 

5 [0159] (1 ) The same processes as (1 ) of Example 1 were carried out to produce a columnar body. 

[0160] (2) A sealing material paste layer was formed on the circumference of the columnar body by using the same 
sealing material paste as the sealingmaterial paste used in (2) of Example 1. 

[0161] Then, by drying this sealing material paste layer at 120°C, a cylinder-shaped honeycomb filter having athick- 
ness of sealing material layer of 0.5 mm and a diameter of an end face of 143.8 mm, as shown in Figs. 1 , was manu- 
10 factured. 

[0162] In the honeycomb filter thus manufactured in Comparative Example 1 , the rate Sa of the area occupied by 
the sealingmaterial layers to the total area of a cross-section including the through holes in the direction perpendicular 
to the through holes was 1 .4%, and the rate Va of organic components to the honeycomb filter was 0.60% by weight. 

is (Evaluation Test 1) 

[0163] Each of the honeycomb filters manufactured in Examples 1 to 4 and Comparative Example 1 was installed 
in an exhaust passage of an engine, and the engine was driven at the highest number of revolutions (3700 rpm, 0 Nm) 
in an unloaded condition. 

20 [0164] At this time, supposing that: the amount of HC contained in exhaust gases prior to the introduction into the 
honeycomb filter is A; and that the amount of HC contained in exhaust gases that have been discharged outside after 
passing through the honeycomb filter is B, the increasing rate of HC that has increased when the exhaust gases pass 
through each honeycomb filter is calculated from the following formula (1): 

25 Increasing rate of HC (%) = 100 x (B - A)/A (1) 



( Evaluation Test 2} . 

30 [0165] An alumina layer was applied to each of the honeycomb filters manufactured in Examples 1 to 4 and Com- 
parative Example 1 at a rate of 10 g/L so as to form a backing on which a catalyst was supported, and platinum was 
supported thereon at a rate of 2 g/L as a catalyst for purifying exhaust gases; thereafter, this was installed in an exhaust 
passage of an engine, and the engine was driven at the highest number of revolutions (3700 rpm, 0 Nm) in an unloaded 
condition. 

35 [0166] At this time, supposing that the amount of HC contained in exhaust gases prior to the introduction into the 
honeycomb filter is A and that the amount of HC contained in exhaust gases that have been discharged outside after 
passing through the honeycomb filter is B\ the increasing rate of HC that has increased when the exhaust gases pass 
through, each honeycomb fittex is,calcuJatecUrom the fallowing. formula (2): ~ 

40 Increasing rate of HC (%) = 100 x (B' - A)/A (2) 



[0167] The results of the tests are shown in the following Table 1 and Fig. 5. 

[0168] Here, Fig. 5 is a graph that shows the results of the evaluation test 1 and the evaluation test 2 of honeycomb 
45 filters according to Examples 1 to 4 and Comparative Example 1 . 

Table 1 





Sa (%) 


Va (% by weight) 


Increasing rate of HC (%) 


Evaluation test 1 


Evaluation test 2 


Example 1 


1.4 


0.05 


8 


1 


Example 2 


1.4 


0.10 


10 


2 


Example 3 


1.4 


0.20 


12 


8 


Example 4 


1.4 


0.50 


15 


10 


Comparative Example 1 


1.4 


0.60 


40 


35 
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[0169] Based upon the results of the evaluation test 1 , it was found that, although the increasing rate of HC of the 
honeycomb filters according to Examples 1 to 4 was in a range of 8 to 15% that was a very low level, the increasing 
rate of HC of the honeycomb filter according to Comparative Example 1 was 40% that was much greater than the 
increasing rate of HC in the honeycomb filters according to Examples 1 to 4 

l Hn 7 °L M ° reover ' based UDOn the resMs of the evaluation test 2, it was found that, although the increasing rate of 
?aL°L honeycomb filtere according to Examples 1 to 4 with the catalyst supported thereon was in a range of 1 to 
1« £ J Tl 8 V6ry ,0 u ' eVel ' the increasin 9 ra,e of HC of the honeycomb filter according to Comparative Example 1 
was 35 /o that was much greater than the increasing rate of HC in the honeycomb filters according to Examples 1 to 4. 

(Example 5) 

[0171] (1 ) The same processes as (1 ) of Example 1 were carried out to produce a columnar body. 
[0172] (2) The same processes as (2) of Example 1 were earned out except that a heat resistant sealing material 
paste, which was composed of 27% by weight of alumina fibers having a fiber length of 0.2 mm, 19% by weight of 
silicon carbide particles having an average particle size of 0.6 p.m, 14% by weight of silica sol, 13.2% by weight of 
carboxymethyl cellulose and 26.8% by weight of water, was used so that a sealing material layer having a thickness 
tured ° ^ circumference of the columnar body; thus, a honeycomb structural body was manufac- 

f™,„ !h the , h 1 one y c ° mb structural b0Q V *us manufactured, the rate of the area occupied by the sealing material 
layers to the total area of a cross-section including the through holes in the direction perpendicular to the through holes 
was ae % and the rate of organic components to the honeycomb structural body was 0.60% by weight 
[0174] Further, the above-mentioned honeycomb structural body was heated at 700°C in an oxygen atmosphere for 

S f f 8 h ° n f eyCOmb fi,ter havin 9 a s,ructure in that the rate So. of the area occupied by the sealing material 
layere to the total area of a cross-section including the through holes in the direction perpendicular to the through holes 
was 0.6 /o, with the rate Vix of organic components being set to 0.05% by weight was manufactured. 

(Example 6) 

[0176] Further, the above-mentioned honeycomb structural body was heated at 600°C in an oxygen atmosphere for 
f 3 h ° n f eyCOmb filterha ™9 a structure in that the rate So. of the area occupied by the sealing material 
S!o il TL , w cr ° ss " sect,on includina the ^ugh "Oles in the direction perpendicular to the through holes 
was 0.6/o, with the rate Va of organic components being set to 0.10% by weight was manufactured. 

(Example 7) 
Eraf^ 

[0178] Further, the above-mentioned honeycomb structural body was heated at 500°C in an oxygen atmosphere for 
S ,° f 1 3 h0n f eyCOmb fil,er havin 9 a s,ructure in tnat *• ra te Sa of the area occupied by the sealing material 
11 n 1 LI L 3 ' 63 ° f 8 cross " sec,ion includin 9 the through holes in the direction perpendicular to the through holes 
was 0.6 /., with the rate Va of organic components being set to 0.20% by weight was manufactured. 

(Example 8) 

[ ? 17 ? ] , F K rS i' SamC processes as 'hose of (1) and (2) of Example 5 were carried out to produce a honeycomb 
sir uciurdi Dooy. 

[0180] Then the above-mentioned honeycomb structural body was heated at 500°C in an oxygen atmosphere for 
I* 3 hon f eycomb filter havin 9 a s,ructure in that the rate Sa of the area occupied by the sealing material 
Z 0 £ ISIh , u cross - sect,on includin 9 the though holes in the direction perpendicular to the through holes 
was 0.6 /., with the rate Va of organic components being set to 0.50% by weight was manufactured. 

(Comparative Example 2) 

(1) The Same processes as < 1 > of Example 5 were carried out to produce a columnar body. 
[0182] (2) A sealing material paste layer was formed on the circumference of the columnar body by using the same 
sealing material paste as the sealingmaterial paste used in (2) of Example 5 
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[0183] Then, by drying this sealing material paste layer at 120°C, a cylinder-shaped honeycomb filter having a thick- 
ness of sealing material layer of 0.2 mm and a diameter of an end face of 143.8 mm, as shown in Figs. 1 , was manu- 
factured. 

[0184] In the honeycomb filter thus manufactured in Comparative Example 2, the rate Sa of the area occupied by 
5 the sealing material layers to the total area of a cross-section including the through holes in the direction perpendicular 

to the through holes was 0.6%, and the rate Va of organic components to the honeycomb filter was 0.60% by weight. 

[0185] The same evaluation tests as the evaluation tests 1 and 2, that had been carried out on Examples 1 to 4 and 

Comparative Example 1 , were also carried out on Examples 5 to 8 and Comparative Example 2. 

[0186] The results of these tests are shown in the following Table 2 and Fig. 6. 
10 [0187] Here, Fig. 6 is a graph that shows the results of the evaluation test 1 and the evaluation test 2 of honeycomb 

filters according to Examples 5 to 8 and Comparative Example 2. 



Table 2 



15 





Sa(%) 


Va (% by weight) 


Increasing rate of HC (%) 








Evaluation-tesM- 


Evaluation4est'2< 


Example 5 


0.6 


0.05 


6 


1 


Example 6 


0.6 


0.10 


8 


1.5 


Example 7 


0.6 


0.20 


10 


6 


Example 8 


0.6 


0.50 


13 


8 


Comparative Example 2 


0.6 


0.60 


30 


25 



25 [0188] Based upon the results of the evaluation test 1, it was found that, although the increasing rate of HC of the 
honeycomb filters according to Examples 5 to 8 was in a range of 6 to 13% that was a very low level, the increasing 
rate of HC of the honeycomb filter according to Comparative Example 2 was 30% that was much greater than the 
increasinprrme-of'HC'irt 1 ^ 

[0189] Moreover, based upon the results of the evaluation test 2 , it was found that, although the increasing rate of 
30 HC of the honeycomb filters according to Examples 5 to 8 with the catalyst supported thereon was in a range of 1 to 
8% that was a very low level, the increasing rate of HC of the honeycomb filter according to Comparative Example 2 
was 25% that was much greater than the increasing rate of HC in the honeycomb filters according to Examples 5 to 8. 

(Example 9) 

35 

[0190] (1) The same processes as (1) of Example 1 were carried out to produce a columnar body. 
[0191] (2) The same processes as (2) of Example 1 were carried out except that a heat resistant sealing material 
paste, which was composed.of 26%. by .weight, of. alumina fibers, having .a.fibec length.ot 02tnm T 19%-b.y weight of. 
silicon carbide particles having an average particle size of 0.6 ujti, 14% by weight of silica sol, 15.8% by weight of 
40 carboxymethyl cellulose and 25.2% by weight of water, was used so that a sealing material layer having a thickness 
of 0.1 7 mm was formed on the circumference of the columnar body; thus, a honeycomb structural body was manufac- 
tured. 

[0192] In the honeycomb structural body thus manufactured, the rate of the area occupied by the sealing material 
layers to the total area of a cross-section including the through holes in the direction perpendicular to the through holes 
4 5 was 0.5%, and the rate of organic components to the honeycomb structural body was 0.60% by weight. 

[0193] Further, the above-mentioned honeycomb structural body was heated at 700°C in an oxygen atmosphere for 
90 minutes so that a honeycomb filter having a structure, in which the rate Sa of the area occupied by the sealing 
material layers to the total area of a cross-section including the through holes in the direction perpendicular to the 
through holes was 0.5%, with the rate Va of organic components being set to 0.05% by weight, was manufactured. 

50 

(Example 10) 

[0194] First, the same processes as those of (1) and (2) of Example 9 were carried out to produce a honeycomb 
structural body. 

55 [0195] Further, the above-mentioned honeycomb structural body was heated at 600°C in an oxygen atmosphere for 
60 minutes so that a honeycomb filter having a structure, in which the rate Sa of the area occupied by the sealing 
material layers to the total area of a cross-section including the through holes in the direction perpendicular to the 
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through holes was 0.5%, with the rate Va of organic components being set to 0.10% by weight, was manufactured. 
(Example 11) 

* [0196] First, the same processes as those of (1) and (2) of Example 9 were carried out to produce a honeycomb 
structural body. 

[0197] Further, the above-mentioned honeycomb structural body was heated at 500 P C in an oxygen atmosphere for 
30 minutes so that a honeycomb filter having a structure, in which the rate Sa of the area occupied by the sealing 
material layers to the total area of a cross-section including the through holes in the direction perpendicular to the 
10 through holes was 0.5%, with the rate Va of organic components being set to 0.20% by weight, was manufactured. 

(Example 12) 

[0198] First, the same processes as those of (1) and (2) of Example 9 were carried out to produce a honeycomb 
15 structural body. 

[0199] Then, the above-mentioned honeycomb structural. body was heated.at.500°C.in an. oxygen. atmosphere. for 
10 minutes so that a honeycomb filter having a structure, in which the rate Sa of the area occupied by the sealing 
material layers to the total area of a cross-section including the through holes in the direction perpendicular to the 
through holes was 0.5%, with the rate Va of organic components being set to 0.50% by weight, was manufactured. 

20 

(Comparative Example 3) 

[0200] (1 ) The same processes as (1 ) of Example 9 were carried out to produce a columnar body. 
[0201] (2) A sealing materiaJ.paste- layer, was formed on the circumference of the columnar body by using the same - 
25 sealing material paste as the sealingmaterial paste used in (2) of Example 9. 

[0202] Then, by drying this sealing material paste layer at 1 20°C, a cylinder-shaped honeycomb filter having a thick- 
ness of sealing material layer of 0.17 mm and a diameter of an end face of 143.8 mm, as shown in Figs. 1 , was 
manufactured. 

[0203]" In the honeycomb filter thus manufactured in Comparative Example 3, the rate Saof the area occupied by the 
30 sealing material layers to the total area of a cross-section including the through holes in the direction perpendicular to 
the through holes was 0.5%, and the rate Va of organic components to the honeycomb filter was 0.60% by weight. 
[0204] The same evaluation tests as the evaluation tests 1 and 2 , that had been carried out on Examples 1 to 4 and 
Comparative Example 1 , were also carried out on honeycomb filters according to Examples 9 to 12 and Comparative 
Example 3. 

35 [0205] The results of these tests are shown in the following Table 3 and Fig. 7. 

[0206] Here, Fig. 7 is a graph that shows the results of the evaluation test 1 and the evaluation test 2 of honeycomb 
filters according to Examples 9 to 12 and Comparative Example 3. 



Table 3 





Sa (%) 


Va (% by weight) 


Increasing rate of HC (%) 








Evaluation test 1 


Evaluation test 2 


Example 9 


0.5 


0.05 


4 


0.5 


Example 10 


0.5 


0,10 


6 


1 


Example 11 


0.5 


0.20 


8 


6 


Example 12 


0.5 


0.50 


10 


8 


Comparative Example 3 


0.5 


0.60 


25 


20 



[0207] Based upon the results of the evaluation test 1 , it was found that, although the increasing rate of HC of the 
honeycomb filters according to Examples 9 to 12 was in a range of 4 to 10% that was a very low level, the increasing 
rate of HC of the honeycomb filter according to Comparative Example 3 was 25% that was much greater than the 
increasing rate of HC in the honeycomb filters according to Examples 9 to 12. 
55 [0208] Moreover, based upon the results of the evaluation test 2, it was found that, although the increasing rate of 
HC of the honeycomb filters according to Examples 9 to 12 with the catalyst supported thereon was in a range of 0.5 
to 8% that was a very low level, the increasing rate of HC of the honeycomb filter according to Comparative Example 
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3 was 20% that was much greater than the increasing rate of HC in the honeycomb filters according to Examples 9 to 1 2. 
(Comparative Example 4) 

5 [0209] (1) The same processes as (1) of Example 1 were carried out to produce a columnar body. 

[0210] (2) The same processes as (2) of Example 1 were carried out except that a heat resistant sealing material 
paste, which was composed of 23% by weight of alumina fibers having a fiber length of 0.2 mm, 16% by weight of 
silicon carbide particles having an average particle size of 0.6 ujn, 12% by weight of silica sol, 26.3% by weight of 
carboxymethyl cellulose and 22.7% by weight of water, was used so that a sealing material layer having a thickness 

10 of 0.1 mm was formed on the circumference of the columnar body; thus, a honeycomb structural body was manufac- 
tured. 

[0211] In the honeycomb structural body thus manufactured, the rate of the area occupied by the sealing material 
layers to the total area of a cross-section including the through holes in the direction perpendicular to the through holes 
was 0.3%, and the rate of organic components to the honeycomb structural body was 0.60% by weight. 
*5 [0212] Further, the above-mentioned honeycomb structural body was heated at 700°C in an oxygen atmosphere for 
90 minutes so that a honeycomb filter having a structure, in which the rate Sa of the area occupied by the sealing 
material layers to the total area of a cross-section including the through holes in the direction perpendicular to the 
through holes was 0.3%, with the rate Va of organic components being set to 0.05% by weight, was manufactured. 

20 (Comparative Example 5) 

[0213] First, the same processes as those of (1) and (2) of Comparative Example 4 were carried out to produce a 
honeycomb structural body. 

[0214] Further, the above-mentioned honeycomb structural body was heated at 600°C in an oxygen atmosphere for 
25 60 minutes so that a honeycomb filter having a structure, in which the rate Sa of the area occupied by the sealing 
material layers to the total area of a cross-section including the through holes in the direction perpendicular to the 
through holes was 0.3%, with the rate Va of organic components being set to 0.10% by weight, was manufactured. 

(Comparative Example 6) - 

30 

[0215] First, the same processes as those of (1 ) and (2) of Comparative Example 4 were carried out to produce a 
honeycomb structural body. 

[0216] Further, the above-mentioned honeycomb structural body was heated at 500°C in an oxygen atmosphere for 
30 minutes so that a honeycomb filter having a structure, in which the rate Sa of the area occupied by the sealing 
35 material layers to the total area of a cross-section including the through holes in the direction perpendicular to the 
through holes was 0.3%, with the rate Va of organic components being set to 0.20% by weight, was manufactured. 

(Comparative Example 7) 

40 [0217] First, the same processes as those of (1) and (2) of Example 5 were carried out to produce a honeycomb 
structural body. 

[0218] Then, the above-mentioned honeycomb structural body was heated at 500°C in an oxygen atmosphere for 
10 minutes so that a honeycomb filter having a structure, in which the rate Sa of the area occupied by the sealing 
material layers to the total area of a cross-section including the through holes in the direction perpendicular to the 
*s through holes was 0.3%, with the rate Va of organic components being set to 0.50% by weight, was manufactured. 

(Comparative Example 8) 

[021 9] (1 ) The same processes as (1 ) of Comparative Example 4 were carried out to produce a columnar body. 
so [0220] (2) A sealing material paste layer was formed on the circumference of the columnar body by using the same 
sealing material paste as the sealing material paste used in (2) of Comparative Example 4. 

[0221] Then, by drying this sealing material paste layer at 120°C, a cylinder-shaped honeycomb filter having a thick- 
ness of sealing material layer of 0.1 mm and a diameter of an end face of 143.8 mm, as shown in Figs. 1, was manu- 
factured. 

55 [0222] In the honeycomb filter thus manufactured in Comparative Example 8, the rate Sa of the area occupied by 
the sealingmaterial layers to the total area of a cross-section including the through holes in the direction perpendicular 
to the through holes was 0.3%, and the rate Va of organic components to the honeycomb filter was 0.60% by weight. 
[0223] The same evaluation tests as the evaluation tests 1 and 2, that had been carried out on Examples 1 to 4 and 
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Comparative Example 1 , were also carried out on honeycomb filters manufactured In Comparative Examples 4 to 8 
[0224J The results of these tests are shown in the following Table 4 and Fig. 8. 

[0225] Here, Fig. 8 is a graph that shows the results of the evaluation test 1 and the evaluation test 2 of honeycomb 
filters according to Comparative Examples 4 to 8. 



Table 4 





Sot (%) 


Vot (% by weight) 


Increasing rate of HC (%) 








Evaluation test 1 


Evaluation test 2 


Comparative Example 4 


0.3 


0.05 


0.8 


0 


Comparative Example 5 


0.3 


0.10 


1 


0 


Comparative Example 6 


0.3 


0.20 


3 


1 


Comparative Example 7 


0.3 


0.50 


5 


3 


Comparative- Example 8 


0.3 


0.60' 


8 


5 



[0226] Based upon the results of the evaluation test 1 , the increasing rate of HC of the honeycomb filters according 
to Comparative Examples 4 to 8 was in a range of 0.8 to 8% that was a very low level, and based upon the results of 
the evaluation test 2, the increasing rate of HC of the honey comb filter according to Comparative Examples 4 to 8 with 
a catalyst supported thereon was in a range of 0 to 5% that was also a very low level. 

[0227] In this manner, each of the honeycomb filters according to Examples 1 to 12 and Comparative Examples 1 
to 8 has a structure in that a sealing material layer is formed only on the circumference of a columnar body and in 
each of the honeycomb filters according to Examples 1 to 12 and Comparative Examples 1 to 3, the rate Sa of the 
area occupied by the sealing material layers to the total area of a cross-section including the through holes in the 
direction perpendicular to the through holes is 0.5% or more. 

[0228] The results of the evaluation test 1 indicate that, in the honeycomb filters according to Examples 1 to 12 in 
which the rate-Va otorgante^ ^ 
charged from the sealing material layer becomes smaller to cause hardly any increase in HC in discharged exhaust 
gases, and the results of the evaluation test 2 indicate that, when a catalyst is supported on the honeycomb filter of 
this type, it becomes possible to significantly decrease the increasing rate of HC to be discharged outside. 
[0229] In contrast, in the case of the honeycomb filters according to Comparative Examples 1 to 3 in which the rate 
Va of organic components exceeds 0.50% by weight, the amount of organic components to be discharged from the 
sealing material layer becomes greater, resulting in a high increasing rate in HC in the discharged exhaust gases and 
the results of the evaluation test 2 indicate that in the case where a catalyst is supported on the honeycomb filter of 
this type, although the increasing rate of HC to be discharged outside becomes slightly lower, it becomes greater in 
companson with the increasing rate in the honeycomb filters according to Examples 1 to 12. 

[02301. Moreover r me resiats-ottheevaluation.testt otthe honeycomb. fillers according toXomparative Examples 4 
to 8 indicate that, in the case where the rate Sa of the area occupied by the sealingmaterial layers to the total area of 
a cross-section including the through holes in the direction perpendicular to the through holes in the honeycomb filter 
is less than 0.5%, the amount of organic components to be discharged from the sealing material layer becomes smaller 
even in the case of the rate Va of organic components exceeding 0.50% by weight, resulting in hardly any increase in 
HC in the discharged exhaust gases. 

[0231] In other words, in the case of the honeycomb filter in which the rate Sa is less than 0.5%, even when the rate 
of organic components contained in the sealing material layer becomes greater, the honeycomb filter is less likely to 
generate a problem, such as an increase in the amount of HC in exhaust gases to be discharged, as shown in Com- 
parative Examples 1 to 3. 

[0232] Moreover, the results of the evaluation test 2 indicate that by allowing the honeycomb filter of this type to 
support a catalyst, it becomes possible to significantly decrease the increasing rate of HC to be discharged outside. 

(Example 13) 



[0233] (1) Powder of a-type silicon carbide having an average particle size of 5 ujn (60% by weight) and powder of 
p-type silicon carbide having an average particle size of 0.5 urn (40% by weight) were wet-mixed, and to 100 parts 
byweight of the resulting mixture were added 5 parts by weight of an organic binder (methyl cellulose) and 10 parts by 
weight of water and then the resultant was kneaded to obtain a kneaded matter. Next, after a slight amount of a plas- 
ticizer and a lubricant had been added to the kneaded matter and this had been further kneaded, the resulting kneaded 
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matter was extrusion-molded so that a raw formed body was manufactured. 

[0234] Next, the above-mentioned raw formed body was dried by using a microwave drier, and predetermined through 
holes were then filled with a paste having the same composition as the raw formed body, and after this had been again 
dried by using a drier, this was degreased at 400°C, and sintered at 2200°C in a normal-pressure argon atmosphere 
s for 3 hours to manufacture a porous ceramic member as shown in Figs. 3, which was made of a silicon carbide sintered 
body, and had a size of 34 mm x 34 mm x 300 mm, the number of through holes of 31 pcs/cm 2 and a thickness of 
the partition wall of 0.3 mm. 

[0235] (2) A heat resistant sealing material paste, which was composed of 31% by weight of alumina fibers having 
a fiber length of 0.2 mm, 22% by weight of silicon carbide particles having an average particle size of 0.6 ftm, 16% by 
10 weight of silica sol, 1 % by weight of carboxymethyl cellulose and 30% by weight of water, was used so that, by carrying 
out the processes as described by reference to Fig. 4, a number of the porous ceramic members were combined with 
one another, and then cut by using a diamond cutter; thus, a cylinder-shaped ceramic block as shown in Fig. 2 was 
manufactured. 

[0236] Next, a sealing material paste layer was formed on the circumference of the ceramic block by using the above- 
15 mentioned sealing material paste. Further, this sealing material paste layer was dried at 120°C so that a cylinder- 
shaped honeycomb structural body having a diameter of 145.8 mm, with sealing material layers, each having a thick- 
ness, ot 1 . 0. mm ..forme dbetweeathe.po rous.ceramic members as well as on the circumference of the ceramic block, 
as indicated by a honeycomb filter 20 of Fig. 2, was manufactured. 

[0237] In the honeycomb structural body thus formed, the rate of the area occupied by the sealing material layers 
20 to the total area of a cross-section including the through holes in the direction perpendicular to the through holes was 
7.4%, and the rate of organic components to the honeycomb structural body was 0.60% by weight. 
[0238] Further, the above-mentioned honeycomb structural body was heated at 700°C in an oxygen atmosphere for 
90 minutes so that a honeycomb filter having a structure in that the rate sp of the area occupied by the sealing material 
layers to the total area of a cross-section including the through holes in the direction perpendicular to the through holes 
25. was-7.4% } with the rate Vf* ot organic. components being seUo^0.05%Kby. weight,. was.manufactur.ecL . 

(Example 14) 

[0239] First, the same processes as those of (1) and- (2) of Example 13 were carried out to produce a honeycomb 
30 structural body. 

[0240] Then, the above-mentioned honeycomb structural body was heated at 600°C in an oxygen atmosphere for 
60 minutes so that a honeycomb filter having a structure in that the rate sp of the area occupied by the sealing material 
layers to the total area of a cross-section including the through holes in the direction perpendicular to the through holes 
was 7.4%, with the rate Vp of organic components being set to 0.10% by weight, was manufactured. 

35 

(Example 16) 

[0241] First,, the-sama processes as, those, of- (1) and*(2),of Example... 13. wecacacriedouLtQ produce, a.honeycomb 
structural body. 

40 [0242] Then, the above-mentioned honeycomb structural body was heated at 600°C in an oxygen atmosphere for 
30 minutes so that a honeycomb filter having a structure in that the rate sp of the area occupied by the sealing material 
layers to the total area of a cross-section including the through'holes in the direction perpendicular to the through holes 
was 7.4%, with the rate VP of organic components being set to 0.20% by weight, was manufactured. 

45 (Example 16) 

[0243] First, the same processes as those of (1) and (2) of Example 13 were carried out to produce a honeycomb 
structural body. 

[0244] Then, the above-mentioned honeycomb structural body was heated at 500°C in an oxygen atmosphere for 
50 1 o minutes so that a honeycomb filter having a structure in that the rate sp of the area occupied by the sealing material 
layers to the total area of a cross-section including the through holes in the direction perpendicular to the through holes 
was 7.4%, with the rate VP of organic components being set to 0.50% by weight was manufactured. 

(Comparative Example 9) 

55 

[0245] (1 ) The same processes as (1 ) of Example 13 were carried out to produce a porous ceramic member. 
[0246] (2) A number of the porous ceramic members were combined with one another through a method described 
by reference to Fig. 4 by using the same sealing material paste as the sealing material paste used in (2) of Example 
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13, and this was cut by using a diamond cutter so that a cylinder-shaped ceramic block, as shown in Fig. 2, was 
manufactured. 

[0247] Next, a sealing material paste layer was formed on the circumference of the ceramic block by using the above- 
mentioned sealing material paste. Then, by drying this sealing material paste layer at 120°C, a cylinder-shaped hon- 
eycomb filter having a diameter of 1 45.8 mm with a thickness of sealingmaterial layers formed between porous ceramic 
members as well as on the circumference of the ceramic block being set to 1 .0 mm, was manufactured, as indicated 
by the honeycomb filter 20 in Fig. 2. 

[0248] In the honeycomb filter thus manufactured in Comparative Example 9, the rate sp of the area occupied by 
the sealing material layers to the total area of a cross-section including the through holes in the direction perpendicular 
to the through holes was 7.4%, and the rate VP of organic components to the honeycomb filter was 0.60% by weight. 
[0249] The same evaluation tests as the evaluation tests 1 and 2, that had been carried out on Examples 1 to 4 and 
Comparative Example 1 , were also carried out on honeycomb filters according to Comparative Examples 1 3 to 1 6 and 
Comparative Example 9. 

[0250] The results of these tests are shown in the following Table 5 and Fig. 9. 

[0251] Here, Fig. 9 is a graph that shows the results of the evaluation test 1 and the evaluation test 2 of honeycomb 
filters according to Examples 13 to 1 6 and Comparative Example 9: 



Table 5 





sp (%) 


Vp (% by weight) 


Increasing rate of HC (%) 


Evaluation test 1 


Evaluation test 2 


Example 13 


7.4 


0.05 


8 


1 


Example 14 


7.4 


0.10 


10 


2 


Example 15 


7.4 


0.20 


12 


8 


Example 16 


7.4 


0.50 


15 


10 


Comparative Example 9 


7,4 


0.60 . 


40 


35- 



[0252] Based upon the results of the evaluation test 1 , the increasing rate of HC in the honeycomb filters according 
to Examples 13 to 16 was in a range of 8 to 15% that was a very low level; however, the increasing rate of HC in the 
honeycomb filter according to Comparative Example 9 was 40% that was excessively greater than the increasing rate 
of HC in the honeycomb fitters according to Examples 13 to 16. 

[0253] Based upon the results of the evaluation test 2, the increasing rate of HC in the honeycomb filters according 
to Examples 13 to 16 was in a range of 1 to 10% that was a very low level; however, the increasing rate of HC in the 
honeycomb filter, with a catalyst supported thereon, according to Comparative Example 9 was 35% that was excessively 
greater than the increasing rate of HC in the honeycomb filters according to Examples 13 to 16. 

(Example 17) 

[0254] (1) The same processes as (1) of Example 13 were carried out to produce a porous ceramic member. 
[0255] (2) The same processes as (2) of Example 13 were carried out except that a heat resistant sealing material 
paste, which was composed of 31% by weight of alumina fibers having a fiber length of 0.2 mm, 22% by weight of 
silicon carbide particles having an average particle size of 0.6 urn, 16% by weight of silica sol, 2% by weight of car- 
boxymethyl cellulose and 29% by weight of water, was used so that a sealing material layer having a thickness of 0.5 
mm was formed; thus, a honeycomb structural body was manufactured. 

[0256] In the honeycomb structural body thus manufactured, the rate of the area occupied by the sealing material 
layers to the total area of a cross-section including the through holes in the direction perpendicular to the through holes 
was 3.B%, and the rate of organic components to the honeycomb structural body was 0.60% by weight. 
[0257] Further, the above-mentioned honeycomb structural body was heated at 700°C in an oxygen atmosphere for 
90 minutes so that a honeycomb filter having a structure, in which the rate Sp of the area occupied by the sealing 
material layers to the total area of a cross-section including the through holes in the direction perpendicular to the 
through holes was 3.8%, with the rate VP of organic components being set to 0.05% by weight, was manufactured. 

(Example 18) 

[0258] First, the same processes as those of (1) and (2) of Example 17 were carried out to produce a honeycomb 
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structural body. 

[0259] Further, the above-mentioned honeycomb structural body was heated at 600 Q C in an oxygen atmosphere for 
60 minutes so that a honeycomb filter having a structure, in which the rate SfJ of the area occupied by the sealing 
material layers to the total area of a cross-section including the through holes in the direction perpendicular to the 
s through holes was 3.8%, with the rate Vp of organic components being set to 0.10% by weight, was manufactured, 

(Example 19) 

[0260] First, the same processes as those of (1) and (2) of Example 17 were carried out to produce a honeycomb 
10 structural body. 

[0261] Further, the above-mentioned honeycomb structural body was heated at 500°C in an oxygen atmosphere for 
30 minutes so that a honeycomb filter having a structure, in which the rate sp of the area occupied by the sealing 
material layers to the total area of a cross-section including the through holes in the direction perpendicular to the 
through holes was 3.8%, with the rate vp of organic components being set to 0.20% by weight, was manufactured. 

15 

(Example 20) 

[0262] First, the same processes as those of (1 ) and (2) of'Example 13' were carried out to produce a honeycomb 
structural body. 

20 [0263] Further, the above-mentioned honeycomb structural body was heated at 500°C in an oxygen atmosphere for 
10 minutes so that a honeycomb filter having a structure, in which the rate sp of the area occupied by the sealing 
material layers to the total area of a cross-section including the through holes in the direction perpendicular to the 
through holes was 3.8%, with the rate vp of organic components being set to 0.50% by weight, was manufactured. 

25 (Comparative Example 1 0) 

[0264] (1) The same processes as (1 ) of Example 1 7 were carried out to produce a porous ceramic member. 
[0265] (2) The same processes as (2) of Comparative Example 9 were carried out except that the same sealing 
material paste as the sealing material paste used in (2) of Example 1 7 was used with a thickness of the sealing material 

30 layer being set to'0. S mmrthus*; a"honeycomb r fitter was^manufactured.* • 

[0266] In the honeycomb filter thus manufactured in Comparative Example 10, the rate sp of the area occupiedby 
the sealingmaterial layers to the total area of a cross-section including the through holes in the direction perpendicular 
to the through holes was 4.0%, and the rate vp of organic components to the honeycomb filter was 0.60% by weight. 
[0267] The same evaluation tests as the evaluation tests 1 and 2, that had been carried out on Examples 1 to 4 and 

35 Comparative Example 1 , were also carried out on honeycomb filters according to Examples 1 7 to 20 and Comparative 
Example 10. 

[0268] The results of these tests are shown in the following Table 6 and Fig. 1 0. 

[0269] Here, Fig. 1 0 is a graph that shows the results of the evaluation test 1 and the evaluation test 2 of honeycomb 
filters according to- Examples T7 to 20 1 anchCorrrparative Example 1 0 

40 

Table 6 





Sp (%) 


VP (%by weight) 


Increasing rate of HC (%) 


Evaluation test 1 


Evaluation test 2 


Example 17 


3.8 


0.05 


6 


1 


Example 18 


3.8 


0.10 


8 


1,5 


Example 19 


3.8 


0.20 


10 


6 


Example 20 


3.8 


0.50 


13 


8 


Comparative Example 10 


3.8 


0.60 


30 


25 



[0270] The results of the evaluation test 1 show that the increasing rate of HC in the honeycomb filters according to 
Examples 17 to 20 was in a range of 6 to 13%, which was a very low level; however, the increasing rate of HC in the 
55 honeycomb filter according to Comparative Example 1 0 was 30%, which was much greater than the increasing rate 
of HC of the honeycomb filters according to Examples 17 to 20. 

[0271] Moreover, the results of the evaluation test 2 show that the increasing rate of HC in the honeycomb filters 
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with a catalyst supported thereon according to Examples 1 7 to 20 was in a range of 1 to 8%, which was a very low 
level; however, the increasing rate of HC in the honeycomb filter with a catalyst supported thereon according to Com- 
parative Example 10 was 25%, which was much greater than the Increasing rate of HC of the honeycomb filters ac- 
cording to Examples 1 7 to 20. 

(Example 21) 



[0272] (1 ) The same processes as (1 ) of Example 1 3 were carried out to produce a porous ceramic member. 
[0273] (2) The same processes as (2) of Example 1 3 were carried out except that a heat resistant sealing material 
paste, which was composed of 30% by weight of alumina fibers having a fiber length of 0.2 mm, 21% by weight of 
silicon carbide particles having an average particle size of 0.6 urn, 16% by weight of silica sol, 4% by weight of car- 
boxymethyl cellulose and 29% by weight of water, was used so that a sealing material layer having a thickness of 0.25 
mm was formed; thus, a honeycomb structural body was manufactured. 

[0274] In the honeycomb structural body thus manufactured, the rate of the area occupied by the sealing material 
layers to the total area of a cross-section including the through holes in the direction perpendicular to the through holes 
was 2 . 0% , and the rate of organic components to the honeycomb structural body was 0.60% by weight. 
[0275} Further, the. above-mentioned honeycomb structural-body was heatetfat 700°C rn an' oxygen atmosphere for 
90 minutes so that a honeycomb filter having a structure, in which the rate Sp of the area occupied by the sealing 
material layers to the total area of a cross-section including the through holes in the direction perpendicular to the 
through holes was 1 .9%, with the rate Vp of organic components being set to 0.05% by weight, was manufactured. 

(Example 22) 



[0276] First, the same processes as those of (1) and (2) of Example 21 were carried out to produce a honeycomb 
structural body: 

[0277] Further, the above-mentioned honeycomb structural body was heated at 600°C in an oxygen atmosphere for 
60 minutes so that a honeycomb filter having a structure, in which the rate sp of the area occupied by the sealing 
material layers to the total area of a cross-section including the through holes in the direction perpendicular to the 
through..hoiea.wa&.t .9%,. wtth^^ 

(Example 23) 



[0278] First, the same processes as those of (1 ) and (2) of Example 21 were carried out to produce a honeycomb 
structural body. 

[0279] Further, the above-mentioned honeycomb structural body was heated at 500°C in an oxygen atmosphere for 
30 minutes so that a honeycomb filter having a structure, in which the rate Sp of the area occupied by the sealing 
material layers to the total area of a cross-section including the through holes in the direction perpendicular to the 
through holes was 1.9%, with the rate Vp of organic cQmponents.being.seUa 0.20% by. weight, was Fnanuiactured, 

( Example 24). 



[0280] First, the same processes as those of (1) and (2) of Example 21 were carried out to produce a honeycomb 
structural body. 

[0281] Further, the above-mentioned honeycomb structural body was heated at 500°C in an oxygen atmosphere for 
10 minutes so that a honeycomb filter having a structure, in which the rate Sp of the area occupied by the sealing 
material layers to the total area of a cross-section including the through holes in the direction perpendicular to the 
through holes was 1 .9%, with the rate Vp of organic components being set to 0.50% by weight, was manufactured. 

(Comparative Example 11) 

[0282] (1 ) The same processes as (1 ) of Example 21 were carried out to produce a porous ceramic member. 
[0283] (2) The same processes as (2) of Comparative Example 9 were carried out except that the same sealing 
material paste as the sealing material paste used in (2) of Example 21 was used with a thickness of the sealing material 
layer being set to 0.25 mm; thus, a honeycomb filter was manufactured. 

[0284] In the honeycomb niter thus manufactured in Comparative Example 11 , the rate Sp of the area occupied by 
the sealingmaterial layers to the total area of a cross-section including the through holes in the direction perpendicular 
to the through holes was 2.0%, and the rate Vp of organic components to the honeycomb filter was 0.60% by weight. 
[0285] The same evaluation tests as the evaluation tests 1 and 2, that had been carried out on Examples 1 to 4 and 
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Comparative Example 1 , were also carried out on honeycomb filters according to Examples 21 to 24 and Comparative 
Example 11. 

[0286] The results of these tests are shown in the following Table 7 and Fig. 11 . 

[0287] Here, Fig. 11 is a graph that shows the results of the evaluation test 1 and the evaluation test 2 of honeycomb 
filters according to Examples 21 to 24 and Comparative Example 11 , 



Table 7 





sp (%) 


vp (% by weight) 


Increasing rate of HC (%) 








Evaluation test 1 


Evaluation test 2 


Example 21 


1.9 


0.05 


4 


0.5 


Example 22 


1.9 


0.10 


6 


1 


Example 23 


1.9 


0.20 


8 


6 


Example 24 


1.9 


0.50 


10 


8 


Comparative Example 41 


- 1.9- 


0.60- 


25 


20. 



[0288] The results of the evaluation test 1 show that the increasing rate of HC in the honeycomb filters according to 
Examples 21 to 24 was in a range of 4 to 10%, which was a very low level; however, the increasing rate of HC in the 
honeycomb filter according to Comparative Example 11 was 25%, which was much greater than the increasing rate 
of HC of the honeycomb filters according to Examples 21 to 24. 

[0289] Moreover, the results of the evaluation test 2 show that the increasing rate of HC in the honeycomb filters 
with a catalyst supported thereon according to Examples 21 to 24 was in a range of 0.5 to 8%, which was a very low 
level; however, the increasing rate of HC in the honeycomb filter with a catalyst supported thereon according to Com- 
parative Example 11 was 20%, which was much greater than the increasing rate of HC of the honeycomb filters ac- 
cording to Examples 21 to 24. 

(Comparative- Example*! 2)- • 

[0290] (1) The same processes as (1) of Example 13 were carried out to produce a porous ceramic member. 
[0291] (2) The same processes as (2) of Example 13 were carried out except that a heat resistant sealing material 
paste, which was composed of 28% by weight of alumina fibers having a fiber length of 0.2 mm, 20% by weight of 
silicon carbide particles having an average particle size of 0.6 jim, 15% by weight of silica sol, 10% by weight of 
carboxymethyl cellulose and 27% by weight of water, was used so that a sealing material layer having a thickness of 
0.1 mm was formed; thus, a honeycomb structural body was manufactured. 

[0292] In the honeycomb structural body thus manufactured, the rate of the area occupied by the sealing material 
layers,to toatataLarea of.a.cros^section.^ the direction perpendicular to the through holes 

was 0.8%, and the rate of organic components to the honeycomb structural body was 0.60% by weight. 
[0293] Further, the above-mentioned honeycomb structural body was heated at 700°C in an oxygen atmosphere for 
90 minutes so that a honeycomb filter having a structure, in which the rate sp of the area occupied by the sealing 
material layers to the total area of a cross-section including the through holes in the direction perpendicular to the 
through holes was 0.8%, with the rate VP of organic components being set to 0.05% by weight, was manufactured. 

(Comparative Example 13) 

[0294] First, the same processes as those of (1 ) and (2) of Comparative Example 12 were carried out to produce a 
honeycomb structural body. 

[0295] Further, the above-mentioned honeycomb structural body was heated at 600°C in an oxygen atmosphere for 
60 minutes so that a honeycomb filter having a structure, in which the rate Sp of the area occupied by the sealing 
material layers to the total area of a cross-section including the through holes in the direction perpendicular to the 
through holes was 0.8%, with the rate vp of organic components being set to 0.10% by weight, was manufactured. 

(Comparative Example 14) 

[0296] First, the same processes as those of (1 ) and (2) of Comparative Example 1 2 were carried out to produce a 
honeycomb structural body. 
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[0297] Further, the above-mentioned honeycomb structural body was heated at 500»C in an oxygen atmosphere tor 
30 minutes so that a honeycomb filter having a structure, in which the rate Sp of the area occupied by the sealing 
material layers to the total area of a cross-section including the through holes in the direction perpendicular to the 
through holes was 0.8%, with the rate Vp of organic components being set to 0.20% by weight, was manufactured. 

(Comparative Example 15) 

[0298] First, the same processes as those of (1 ) and (2) of Comparatfce Example 1 2 were carried out to produce a 
honeycomb structural body. 

[0299] Further, the above-mentioned honeycomb structural body was heated at 500°C in an oxygen atmosphere for 
10 minutes so that a honeycomb filter having a structure, in which the rate sp of the area occupied by the sealing 
material layers to the total area of a cross-section including the through holes in the direction perpendicular to the 
through holes was 0.8%, with the rate Vp of organic components being set to 0.50% by weight, was manufactured. 

(Comparative Example 16) 

S2n?! ° ) S8me prooesses as < 1 ) of Example 1 3 were carried out to produce a porous ceramic member 
[0301] (2) The same processes as (2) of Comparative Example 9 were carried out except that the same sealing 
material paste as the sealing material paste used in (2) of Comparative Example 12 was used with a thickness of the 
sealing material layer being set to 0.1 mm; thus, a honeycomb filter was manufactured. 

[0302] In the honeycomb filter thus manufactured in Comparative Example 1 6, the rate Sp of the area occupied by 
the seahngmatenal layers to the total area of a cross-section including the through holes in the direction perpendicular 

9 h ° leS W8S °- 8% ' and the rate VP 0f or9anic """Ponento to the honeycomb filter was 0.60% by weight 
[0303] The same evaluation tests as the evaluation tests 1 and 2, that had been carried out on Examples 1 to 4 and 
Comparative Example 1 , were also carried out on honeycomb filters according to Comparative Examples-12 to 16 
[0304] The results of these tests are shown in the following Table 8 and Fig. 12. 

[0305] Here, Fig. 1 2 is a graph that shows the results of the evaluation test 1 and the evaluation test 2 of honeycomb 
filters according to Comparative Examples 12 to 16. 

Table 8' 





Sp <%) 


VP (% by weight) 


Increasing rate of HC (%) 








Evaluation test 1 


Evaluation test 2 


Comparative Example 12 


0.8 


0.05 


0.8 


0 


Comparative Example 13 


0.8 


0.10 


1 


0 


Comparative Example 14 


0.8 


0.20 


3 


1 


Comparative Example 15 


' Off 


0.50 


5 


3 


Comparative Example 16 


0.8 


0.60 


8 


5 



[0306] The results of the evaluation test 1 show that the increasing rate of HC in the honeycomb filters according to 
Comparative Examples 1 2 to 1 6 was in a range of 0.8 to 8%, which was a very low level, and the results of the evaluation 
test 2 show that the increasing rate of HC in the honeycomb filters with a catalyst supported thereon according to 
Comparative Examples 12 to 1 6 was in a range of 0 to 5%, which was also a very low level. 
[0307] As described above, the honeycomb filters according to Examples 1 3 to 24 and Comparative Examples 9 to 
16 have a structure in that sealing material layers are formed between the porous ceramic members as well as on the 
circumference of the ceramic block, and in each of the honeycomb filters according to Examples 13 to 24 and Com- 
parative Examples 9 to 1 1 , the rate Sp of the area occupied by the sealing material layers to the total area of a cross- 
section including the through holes in the direction perpendicular to the through holes is set to 2% or more 
[0308] The results of the evaluation test 1 show that in the case of honeycomb filters according to Examples 1 3 to 
24 that have the rate vp of organic components being 0.50% by weight or less, the amount of organic components to 
be discharged from the sealing material layer becomes smaller to cause hardly any increase in HC in the discharged 
exhaust gases, and the results of the evaluation test 2 show that, when a catalyst is supported on such a honeycomb 
filter, it becomes possible to effectively reduce the increasing rate of HC to be discharged outside. 
[0309] In contrast, in the case of honeycomb filters according to Comparative Examples 9 to 1 1 in which the rate VB 
of organic components exceeds 0.50% by weight, the amount of organic components to be discharged from the sealing 
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material layer becomes greater to cause a very high Increasing rate of HC in exhaust gases to be discharged, and the 
results of the evaluation test 2 indicate that in the case where a catalyst is supported on the honeycomb filter of this 
type, although the increasing rate of HC to be discharged outside becomes slightly lower, it becomes much greater in 
comparison with the increasing rate in the honeycomb filters according to Examples 13 to 24. 

5 [0310] Moreover, the results of the evaluation test 1 of the honeycomb filters according to Comparative Examples 
1 2 to 1 6 indicate that, in the case where the rate sp of the area occupied by the sealingmaterial layers to the total area 
of a cross-section including the through holes in the direction perpendicular to the through holes in the honeycomb 
filter is less than 2%, the amount of organic components to be discharged from the sealing material layer becomes 
smaller, even in the case of the rate Vp of organic components exceeding 0.5% by weight, resulting in hardly any 

10 increase in HC In the discharged exhaust gases. 

[0311] In other words, in the case of the honeycomb filter in which the rate Sp is less than 2%, even when the rate 
of organic components contained in the sealing material layer becomes greater, the honeycomb filter is less likely to 
generate a problem, such as an increase in the amount of HC in exhaust gases to be discharged, as shown in Com- 
parative Examples 9 to 12. 

is [0312] Moreover, the results of the evaluation test 2 indicate that by allowing the honeycomb filter of this type to 
supporr/a catalyst; it becomes*possible«to significantly decreasethe-increasing rate of-HC tabe dischargectoutside. 

(Example 25) 

20 [0313] (1) Powder of a-type silicon carbide having an average particle size of 20 u.m (60% by weight) and silicon 
powder having an average particle size of 1 .0 ujti (40% by weight) were wet-mixed, and to 1 00 parts by weight of the 
resulting mixture were added 5 parts by weight of an organic binder (methyl cellulose) and 1 0 parts by weight of water 
and the resultant was kneaded to obtain a kneaded matter Next, after a slight amount of a plasticizer and a lubricant 
had been added to the kneaded'matter anrf this^had been-further kneaded, the resulting kneaded matter was extrusion- 

25 molded so that a raw formed body was manufactured. 

[0314] • Next, the above-mentioned raw formed body was dried by using a microwave drier, and predetermined through 
holes were then filled with a paste having the same composition as the raw formed body, and after this had been again 
dried by using. a.drier,. this. was , degreased.at.400.°C, and, sintered.aL.1.600?.C irt a. normal-pressu re. argpn, atmosphere 
for 2 hours to manufacture a porous ceramic member as shown in Figs. 3 t which was made of a silicon carbide-silicon 

30 sintered body, and had a size of 34 mm x 34 mm x 300 mm, the number of through holes of 31 pcs/cm 2 and a thickness 
of the partition wall of 0.3 mm. 

[0315] (2) A heat resistant sealing material paste, which was composed of 31% by weight of alumina fibers having 
a fiber length of 0.2 mm, 22% by weight of silicon carbide particles having an average particle size of 0. 6 u,m, 16% by 
weight of silica sol, 1 % by weight of carboxymethyl cellulose and 30% by weight of water, was used so that, by carrying 
35 out the processes as described by reference to Fig. 4, a number of the porous ceramic members were combined with 
one another, and then cut by using a diamond cutter; thus, a cylinder-shaped ceramic block as shown in Fig. 2 was 
manufactured. 

[0316]' Next, a sealingmaterial paste layer was>formed on the;cUcumf erenGe.o^thaeeramic.block by u&ing,t)ie above, 
mentioned sealing material paste. Further, this sealing material paste layer was dried at 120°C so that a cylinder- 
40 shaped honeycomb structural body having a diameter of 145.8 mm, with sealing material layers, each having a thick- 
ness of 1 .0 mm, formed between the porous ceramic members as well as on the circumference of the ceramic block, 
as indicated by a honeycomb filter 20 of Fig. 2, was manufactured. 

[0317] In the honeycomb structural body thus formed, the rate of the area occupied by the sealing material layers 
to the total area of a cross-section including the through holes in the direction perpendicular to the through holes was 
45 7.4%, and the rate of organic components to the honeycomb structural body was 0.60% by weight. 

[0318] Further, the above-mentioned honeycomb structural body was heated at 700°C in an oxygen atmosphere for 
90 minutes so that a honeycomb filter having a structure in that the rate sp of the area occupied by the sealing material 
layers to the total area of a cross-section including the through holes in the direction perpendicular to the through holes 
was 7.4%, with the rate Vp of organic components being set to 0.05% by weight, was manufactured. 

50 

(Example 26) 

[0319] First, trie same processes as those of (1) and (2) of Example 25 were carried out to produce a honeycomb 
structural body. 

55 [0320] Then, the above-mentioned honeycomb structural body was heated at 600°C in an oxygen atmosphere for 
60 minutes so that a honeycomb filter having a structure in that the rate sp of the area occupied by the sealing material 
layers to the total area of a cross-section including the through holes in the direction perpendicular to the through holes 
was 7.4%, with the rate vp of organic components being set to 0.10% by weight, was manufactured. 
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(Example 27) 

[0321] First, the same processes as those of (1) and (2) of Example 25 were carried out to produce a honeycomb 
structural body. ' 

[0322] Then, the above-mentioned honeycomb structural body was heated at 500°C in an oxygen atmosphere for 
30 minutes so that a honeycomb filter having a structure in that the rate Sp of the area occupied by the sealing material 
layers to the total area of a cross-section including the through holes in the direction perpendicular to the through holes 
was 7.4 /,, with the rate vp of organic components being set to 0.20% by weight, was manufactured. 

(Example 28) 

[0323] First, the same processes as those of (1 ) and (2) of Example 25 were carried out to produce a honeycomb 
structural body. 

[0324] Then, the above-mentioned honeycomb structural body was heated at 500°C in an oxygen atmosphere for 
1 0 minutes so that a honeycomb fitter having a structure in that the rate Sf3 of the area occupied by the sealing material 
layers to the total area of a cross-section including the through holes in the direction perpendicular to the through holes 
was 7.4%,. with.the.rate.Vp ol organic components being set-to 0:50% by-weight was manufactured. 

(Example 29) 

[0325] (1) The same processes as (1) of Example 25 were carried out to produce a porous ceramic member 
[0326] (2) The same processes as (2) of Example 25 were carried out except that a heat resistant sealing material 
paste, which was composed of 31% by weight of alumina fibers having a fiber length of 0.2 mm, 22% by weight of 
silicon carbide particles having an average particle size of 0.6 urn, 16% by weight of silica sol, 2% by weight of car- 
boxymethyf cellulose-and 29% by werght-ot water; was used so that a sealing material layer having a thickness of 0 5 
mm was formed; thus, a honeycomb structural body was manufactured. 

[0327] In the honeycomb structural body thus manufactured, the rate of the area occupied by the sealing material 
layers to the total area of a cross-section including the through holes in the direction perpendicular to the through holes 
was 3.8 /„,. and the rate of organic components ta the.honeycombstructural- body was-0>.60% by : wetght • • - • • 
[0328] Further, the above-mentioned honeycomb structural body was heated at 700°C in an oxygen atmosphere for 
90 minutes so that a honeycomb filter having a structure, in which the rate Sp of the area occupied by the sealing 
matenal layers to the total area of a cross-section including the through holes in the direction perpendicular to the 
through holes was 3.8%, with the rate Vp of organic components being set to 0.05% by weight, was manufactured. 

(Example 30) 

[0329] First, the same processes as those of (1 ) and (2) of Example 29 were earned out to produce a honeycomb 
structural body. 

[0330] Further, the above-mentioned honeycomb structural body was heated at 600»C in an oxygen atmosphere for 
60 minutes so that a honeycomb filter having a structure, in which the rate Sp of the area occupied by the sealing 
matenal layers to the total area of a cross-section including the through holes in the direction perpendicular to the 
through holes was 3.8%, with the rate Vp of organic components being set to 0.10% by weight, was manufactured. 

(Example 31) 

[0331] First, the same processes as those of (1) and (2) of Example 29 were carried out to produce a honeycomb 
structural body. 

[0332] Further, the above-mentioned honeycomb structural body was heated at 500-C in an oxygen atmosphere for 
30 minutes so that a honeycomb filter having a structure, in which the rate Sp of the area occupied by the sealing 
material layers to the total area of a cross-section including the through holes in the direction perpendicular to the 
through holes was 3.8%, with the rate Vp of organic components being set to 0.20% by weight, was manufactured. 

(Example 32) 

[0333] First, the same processes as those of (1 ) and (2) of Example 29 were carried out to produce a honeycomb 
structural body. 

[0334] Further, the above-mentioned honeycomb structural body was heated at 500°C in an oxygen atmosphere for 
10 minutes so that a honeycomb filter having a structure, in which the rate sp of the area occupied by the sealing 
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material layers to the total area of a cross-section including the through holes in the direction perpendicular to the 
through holes was 3.8%, with the rate VP of organic components being set to 0.50% by weight, was manufactured. 

(Example 33) 

5 

[0335] (1) The same processes as (1) of Example 25 were carried out to produce a porous ceramic member. 
[0336] (2) The same processes as (2) of Example 25 were carried out except that a heat resistant sealing material 
paste, which was composed of 30% by weight of alumina fibers having a fiber length of 0.2 mm, 21% by weight of 
silicon carbide particles having an average particle size of 0.6 u.m, 16% by weight of silica sol, 4% by weight of car- 
10 boxymethyl cellulose and 29% by weight of water, was used so that a sealing material layer having a thickness of 0.25 
mm was formed; thus, a honeycomb structural body was manufactured. 

[0337] In the honeycomb structural body thus manufactured, the rate of the area occupied by the sealing material 
layers to the total area of a cross-section including the through holes in the direction perpendicular to the through holes 
was 2.0%, and the rate of organic components to the honeycomb structural body was 0,60% by weight. 
1 5 [0338], Further, .the.abovermentione&honeycomb structural body was heated at 700°C in an oxygen atmosphere for 
90 minutes so that a honeycomb filter having a structure, in which the rate Sp of the area occupied by the sealing 
material layers to the total area of a cross-section including the through holes in the direction perpendicular to the 
through holes was 1 .9%, with the rate VP of organic components being set to 0.05% by weight, was manufactured. 

20 (Example 34) 

[0339] First, the same processes as those of (1) and (2) of Example 33 were carried out to produce a honeycomb 
structural body: 

[0340] Further, the above-mentioned honeycomb structural body was heated at 600°C in an oxygen atmosphere for 
25 60 minutes so that a honeycomb filter having a structure, in which the rate Sp of the area occupied by the sealing 
material layers to the total area of a cross-section including the through holes in the direction perpendicular to the 
through holes was. 1.9%, with the rate VP of organic components being.set to 0.10% by weight, was manufactured.. 

(Example 35) 

30 

[0341] First, the same processes as those of (1) and (2) of Example 33 were carried out to produce a honeycomb 
structural body. 

[0342] Further, the above-mentioned honeycomb structural body was heated at 500°C in an oxygen atmosphere for 
30 minutes so that a honeycomb filter having a structure, in which the rate Sp of the area occupied by the sealing 
35 material layers to the total area of a cross-section including the through holes in the direction perpendicular to the 
through holes was 1 .9%, with the rate Vp of organic components being set to 0.20% by weight, was manufactured. 

(Example 36)' 

40 [0343] First, the same processes as those of (1 ) and (2) of Example 33 were carried out to produce a honeycomb 
structural body. 

[0344] Further, the above-mentioned honeycomb structural body was heated at 500°C in an oxygen atmosphere for 
10 minutes so that a honeycomb filter having a structure, in which the rate sp of the area occupied by the sealing 
material layers to the total area of a cross-section including the through holes in the direction perpendicular to the 
45 through holes was 1 .9%, with the rate VP of organic components being set to 0.50% by weight, was manufactured. 

(Comparative Example 1 7) 

[0345] (1) The same processes as (1) of Example 25 were carried out to produce a porous ceramic member. 
so [0346] (2) A number of the porous ceramic members were combined with one another through a method described 
by reference to Fig. 4 by using the same sealing material paste as the sealingmaterial paste used in (2) of Example 
25, and this was cut by using a diamond cutter so that a cylinder-shaped ceramic block, as shown in Fig. 2, was 
manufactured. 

[0347] Next, a sealing material paste layer was formed on the circumference of the ceramic block by using the above- 
55 mentioned sealing material paste. Then, by drying this sealing material paste layer at 120°C, a cylinder-shaped hon- 
eycomb filter having a diameter of 145.8 mmwith a thickness of sealingmaterial layers formed between porous ceramic 
members as well as on the circumference of the ceramic block being set to 1 .0 mm, was manufactured, as indicated 
by the honeycomb filter 20 in Fig. 2. 
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[0348] In the honeycomb filter thus manufactured in Comparative Example 1 7, the rate Sp of the area occupiedby 
the sealingmaterial layers to the total area of a cross-section including the through holes in the direction perpendicular 
to the through holes was 7.4%, and the rate Vp of organic components to the honeycomb filter was 0.60% by weight. 

(Comparative Example 18) 

[0349] (1) The same processes as (1 ) of Example 29 were carried out to produce a porous ceramic member. 
[0350] (2) The same processes as (2) of Comparative Example 1 7 were carried out except that the same sealing 
material paste as the sealing material paste used in (2) of Comparative Example 29 was used with a thickness of the 
sealing material layer being set to 0.5 mm; thus, a honeycomb filter was manufactured. 

[0351] In the honeycomb filter thus manufactured in Comparative Example 18, the rate sp of the area occupied by 
the sealing material layers to the total area of a cross-section including the through holes in the direction perpendicular 
to the through holes was 4.0%, and the rate Vp of organic components to the honeycomb filter was 0.60% by weight. 

(Comparative Example 19) 

[0352]' (1) The same processes as (1 ) of Example 33 were carried out to produce a porous ceramic member. 
[0353] (2) The same processes as (2) of Comparative Example 1 7 were carried out except that the same sealing 
material paste as the sealing material paste used in (2) of Comparative Example 33 was used with a thickness of the 
sealing material layer being set to 0.25 mm; thus, a honeycomb filter was manufactured. 

[0354] In the honeycomb filter thus manufactured in Comparative Example 19, the rate sp of the area occupiedby 
the sealingmaterial layers to the total area of a cross-section including the through holes in the direction perpendicular 
to the through holes was 2.0%, and the rate Vp of organic components to the honeycomb filter was 0.60% by weight. 

(Comparative Example 20) 

[0355] (1) The same processes as (1) of Example 25 were carried out to produce a porous ceramic member. 
[0356] (2) The same processes as (2) of Example 25 were carried out except that a heat. resistant sealing material 
paste; which was composed of 28% by weight of afumina fibers having a fiber length of 0.2 mm, 20% by weight of 
silicon carbide particles having an average particle size of 0.6 u.m, 15% by weight of silica sol, 10% by weight of 
carboxymethyl cellulose and 27% by weight of water, was used so that a sealing material layer having a thickness of 
0.1 mm was formed; thus, a honeycomb structural body was manufactured. 

[0357] In the honeycomb structural body thus manufactured, the rate of the area occupied by the sealing material 
layers to the total area of a cross-section including the through holes in the direction perpendicular to the through holes 
was 0.8%, and the rate of organic components to the honeycomb structural body was 0.60% by weight. 
[0358] Further, the above-mentioned honeycomb structural body was heated at 700°C in an oxygen atmosphere for 
90 minutes so that a honeycomb filter having a structure, in which the rate sp of the area occupied by the sealing 
material layers to the total area .of. a. cross,seclioa including, the, through holes, in. the directiorrperpendraiJar tO 'the' 
through holes was 0.8%, with the rate Vp of organic components being set to 0.05% by weight, was manufactured. 

(Comparative Example 21) 

[0359] First, the same processes as those of (1) and (2) of Comparative Example 20 were carried out to produce a 
honeycomb structural body. 

[0360] Further, the above-mentioned honeycomb structural body was heated at 600°C in an oxygen atmosphere for 
60 minutes so that a honeycomb filter having a structure, in which the rate Sp of the area occupied by the sealing 
material layers to the total area of a cross-section including the through holes in the direction perpendicular to the 
through holes was 0.8%, with the rate Vp of organic components being set to 0.10% by weight, was manufactured. 

(Comparative Example 22) 

[0361] First, the same processes as those of (1 ) and (2) of Comparative Example 20 were carried out to produce a 
honeycomb structural body. 

[0362] Further, the above-mentioned honeycomb structural body was heated at 500*C in an oxygen atmosphere for 
30 minutes so that a honeycomb filter having a structure, in which the rate Sp of the area occupied by the sealing 
matenal layers to the total area of a cross-section including the through holes in the direction perpendicular to the 
through holes was 0.8%, with the rate vp of organic components being set to 0.20% by weight, was manufactured. 
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(Comparative Example 23) 

[0363] First, the same processes as those of (1) and (2) of Example 20 were carried out to produce a honeycomb 
structural body. 

5 [0364] Further, the above-mentioned honeycomb structural body was heated at 500°C in an oxygen atmosphere for 
10 minutes so that a honeycomb filter having a structure, in which the rate Sp of the area occupied by the sealing 
material layers to the total area of a cross-section including the through holes in the direction perpendicular to the 
through holes was 0.8%, with the rate vp of organic components being set to 0.50% by weight, was manufactured. 

10 (Comparative Example 24) 

[0365] (1) The same processes as (1) of Example 25 were carried out to produce a porous ceramic member 
[0366] (2) The same processes as (2) of Comparative Example 17 were carried out except that the same sealing 
material paste as the sealing material paste used in (2) of Comparative Example 20 was used with a thickness of the 

is sealing material layer being set to 0.1 mm; thus, a honeycomb filter was manufactured. 

[0367]. In. uie- honeycomb, filter, thus.manufactured id-Comparative. Example 24, the.rate sp of the area occupied by 
the sealingmaterial layers to the total area of a cross-section including the through holes in the direction perpendicular 
to the through holes was 0.8%, and the rate VP of organic components to the honeycomb filter was 0.60% by weight. 
[0366] The same evaluation tests as the evaluation tests 1 and 2, that had been carried out on Examples 1 to 4 and 

20 Comparative Example 1 , were also carried out on honeycomb filters according to Examples 25 to 36 and Comparative 
Examples 17 to 24. 

[0369] The results of these tests are shown in the following Table 9. 



Table.9. 





SB (%) 


vp (% by weight) 


Increasing rate of HC (%) 


Evaluation test 1 


Evaluation test 2 


Example. 25 


7.4 


0.05. 


8 . 


1 


Example 26 


7.4 


0.10 


10 


2 


Example 27 


7.4 


0.20 


12 


8 


Example 28 


7.4 


0.50 


15 


10 


Example 29 


3.8 


0.05 


6 


1 


Example 30 


3.8 


0.10 


8 


1.5 


Example 31 


3.8 


0.20 


10 


6 


Example. 32 


3.8 


0.50 . 


ia 


8 


Example 33 


1.9 


0.05 


4 


0.5 


Example 34 


1.9 


0.10 


6 


1 


Example 35 


1.9 


0.20 


8 


6 


Example 36 


1.9 


0.50 


10 


8 


Comparative Example 17 


7.4 


0.60 


40 


35 


Comparative Example 18 


3.B 


0.60 


30 


25 


Comparative Example 19 


1.9 


0.60 


25 


20 


Comparative Example 20 


0.B 


0.05 


0.8 


0 


Comparative Example 21 


0.8 


0,10 


1 


0 


Comparative Example 22 


0.8 


0.20 


3 


1 


Comparative Example 23 


0.8 


0.50 


5 


3 


Comparative Example 24 


0.8 


0.60 


8 


5 



[0370] As described above, the honeycomb filters according to Examples 25 to 36 and Comparative Examples 1 7 
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to 24 have a structure in that sealing material layers are formed between the porous ceramic members as well as on 
the circumference of the ceramic block, and in each of the honeycomb filters according to Examples 25 to 36 and 
Comparative Examples 1 7 to 1 9, the rate Sp of the area occupied by the sealing material layers to the total area of a 
cross-section including the through holes in the direction perpendicular to the through holes is set to 2% or more. 

5 [0371] The results of the evaluation test 1 show that in the case of honeycomb filters according to Examples 25 to 
36 that have the rate vp of organic components is 0.50% by weight or less, the amount of organic components to be 
discharged from the sealing material layer becomes smaller to cause hardly any increase in HC in the discharged 
exhaust gases, and the results of the evaluation test 2 show that, when a catalyst is supported on such a honeycomb 
filter, it becomes possible to effectively reduce the increasing rate of HC to be discharged outside. 

10 [0372] In contrast, in the case of honeycomb fitters according to Comparative Examples 17 to 19 in which the rate 
Vp of organic components exceeds 0.50% by weight, the amount of organic components to be discharged from the 
sealing material layer becomes greater to cause a very high Increasing rate of HC in exhaust gases to be discharged, 
and the results of the evaluation test 2 indicate that in the case where a catalyst is supported on the honeycomb filter 
of this type, although the increasing rate of HC to be discharged outside becomes slightly lower, it becomes much 

15 greater in comparison with the increasing rate in the honeycomb filters according to Examples 25 to 36. 

[0373] Moreover,.. the. results, of thaevaJuation. test, t ot the honeycomb-filters according to Comparative Examples- 
20 to 24 indicate that, in the case where the rate Sp of the area occupied by the sealingmaterial layers to the total area 
of a cross-section including the through holes in the direction perpendicular to the through holes in the honeycomb 
filter is less than 2%, the amount of organic components to be discharged from the sealing material layer becomes 

20 smaller, even in the case of the rate vp of organic components exceeding 0.5% by weight, resulting in hardly any 
increase in HC in the discharged exhaust gases. 

[0374] In other words, in the case of the honeycomb filter in which the rate sp is less than 2%, even when the rate 
of organic components contained in the sealing material layer becomes greater, the honeycomb filter is less likely to 
generate aproblem-, such as an- increase in the amount of HC in exhaust gases to be discharged; as shown-in Com- 
25 parative Examples 17 to 19. 

[0375] Moreover, the results of the evaluation test 2 indicate that by allowing the honeycomb filter of this type to 
support a catalyst, it becomes possible to significantly decrease the increasing rate of HC to be discharged outside, 

(Examples 37 to 39 and Comparative Examples 25 and 26) 

30 

[0376] The same processes as those of Example 1 were carried out except that the thickness of the sealing material 
layer formed on the circumference of the columnar body was changed as shown in Table 1 0, thus a honeycomb filter 
was manufactured. 

35 (Examples 40 and 41 , Reference Example 1 and Comparative Example 27) 

[0377] The same processes as those of Example 1 3 were carried out except that the thickness of the seal ingmaterial 
layer formed between the porous ceramic members as well as on the circumference of the ceramic block was changed 
as shown in-Table 11 , thus a honeycomb filter was manufactured; 

40 

(Examples 42 and 43, Reference Example 2 and Comparative Example 28) 

[0378] The same processes as those of Example 25 were carried out except that the thickness of the sealingmaterial 
layer formed between the porous ceramic members as well as on the circumference of the ceramic block was changed 
*5 as shown in Table 11 , thus a honeycomb filter was manufactured. 

(Evaluation Test 3) 

[0379] With respect to the honeycomb filters manufactured in Examples 1,13, 25, 37 to 43, Reference Examples 1 
50 and 2 and Comparative Examples 25 to 28, the breaking strength (isostatic strength) was measured when each of the 
filters was subjected to a cold hydrostatic pressure test. Tables 10 and 11 show the results of the tests. 



Table 10 





Thickness of sealing material layer (mm) 


Soc(%) 


Isostatic strength (kg/cm 2 ) 


Example 1 


0.5 


1.38 


30 


Example 37 


0.3 


0.83 


27 
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Table 10 (continued) 







Sa (%) 


Isostatic strength (kg/cm 2 ) 


Example 38 


0.2 


0.55 


23 


Example 39 


0.17 


0.47 


20 


Comparative Example 25 


0.14 


0.39 


11 


Comparative Example 26 


0.1 


0.28 


8 





Thickness of sealing material layer (mm) 


Oft to/\ 
t>P { So) 


Isostatic strenath fka/ 
cm 2 ) 


Between porous 
ceramic members 


On the circumference of 
ceramic block 


Example 13 


1 


1 


7.41 


35 


Example 40 


0.5 


0.5 


3.77 


33 


Example 41 


0.25 


0.25 


1,90 


30 


Reference Example 1 


0.2 


0.2 


1.52 


25 


Comparative Example 
27 


0.1 


0,1 


0.76 


20 


Example 25 


1 


1 


7.41 


34 


Example 42 


0.5 


0.5 


377 


33 


Example.43. 


0.25 


0.25 


1,90 


29 


Reference Example 2 


0.2 


0.2 


1.52 


24 


Comparative Example 
28 


0.1 


0.1 


0.76 


18 



[03801 As shown in Table 10, in the case of the honeycomb filter which has a structure in which: a columnar body 
made of porous ceramic comprises a number of through holes, the above mentioned through holes being placed in 
parallel with one another in the length direction with wall portion interposed therebetween, with a sealing matenal layer 
being formed on the circumference thereof, as the rate Sa of the area occupied by the sealing material layers to the 
total area of a cross-section including the through holes in the direction perpendicular to the" through holes becomes- 
smaller, the isostatic strength reduces. When the rate Sa is 0.5(0.47)% or more, the necessary isostatic strength is 
maintained; however, when the rate Sa is less than 0.5 (0.47)%, the reduction in the isostatic strength becomes par- 
ticularly greater, failing to provide sufficient isostatic strength. 

[03811 Moreover, as shown in Table 11 , in the case of a plurality of the honeycomb filters, each having a number of 
through holes, the above mentioned through holes being placed in parallel with one another in the length direction with 
partition wall interposed therebetween, are combined with one another through sealing material layers to form ^oeramc 
block with a sealing material layer being also formed on the circumference of the ceramic block, as the rate sp of he 
area occupied by the sealing material layers to the total area of a cross-section including the through holes in the 
direction perpendicular to the through holes becomes smaller, the isostatic strength reduces. When the rate Sp is 2 
(1 90) % or more, the necessary isostatic strength is maintained; however, when the rate Sp is less than 2 (1 . 90) /<>, 
the reduction in the isostatic strength becomes particularly greater, failing to provide sufficient isostatic strength. 



INDUSTRIAL APPLICABILITY 

[0382] Since the honeycomb filter for purifying exhaust gases of the present invention is structured as described 
above, even when comparatively large sealing material layer is included therein, there is hardly any increase in the 
amount of organic components contained in exhaust gases to be discharged. 
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Claims 

1 . A honeycomb filter for purifying exhaust gases which has a structure in which: 

a columnar body made of porous ceramic comprises a number of through holes, said through holes being 

placed in parallel with one another in the length direction with wall portion interposed therebetween; 

a sealing material layer is formed on a circumference portion of said columnar body; and 

said wall portion which separates said through holes functions as a filter for collecting particulates 

wherein 

a rate Set of an area occupied by the sealing material layers to the total area of a cross-section including the 
through holes in the direction perpendicular to the through holes, in said honeycomb filter for purifying exhaust 
gases, is set to 0.5% or more, and 

a rate Va of organic components to the honeycomb filter for purifying exhaust gases is set to 0.5% by weight 
or less. 

2. The honeycomb filter forpurifying exhaust gases according to claim 1 , 

wherein 

a catalyst for purifying exhaust gases is supported inside the columnar body. 

3. A honeycomb filter for purifying exhaust gases which has a structure in which; 

a plurality of a columnar porous ceramic member are combined with one another through a sealing material 
layer to form a ceramic block, each of said columnar porous ceramic member comprising a number of through 
holes, said through holes being placed in parallel with one another in the length direction with partition wall 
interposed therebetween; 
a sealino^matejlaUayer.is-forTOe^ 

said partition wall which separates said through holes functions as a filter for collecting particulates, 
wherein 

a rate S0 of an area occupied by the sealing material layers to the total area of a cross-section including the 
through holes in the direction perpendicular to the through holes, in said honeycomb filter for purifying exhaust 
gases, is set to 2% or more, and 

a rate V0 of organic components to said honeycomb filter for purifying exhaust gases is set to 0.5% by weight 
or less. 

4. The honeycomb filter for purifying exhaust gases according to claim 3, 

wherein 

a catalyst for purifying exhaust gases is supported inside the porous ceramic member. 



Amended claims under Art. 19.1 PCT 

1. A honeycomb filter for purifying exhaust gases which has a structure in which: 

a columnar body made of porous ceramic comprises a number of through holes, said through holes being 

placed in parallel with one another in the length direction with wall portion interposed therebetween; 

a sealing material layer is formed on a circumference portion of said columnar body; and 

said wall portion which separates said through holes functions as a filter for collecting particulates 

wherein 

a rate Sa of an area occupied by the sealing material layers to the total area of a cross-section including the 
through holes in the direction perpendicular to the through holes, in said honeycomb filter for purifying exhaust 
gases, is set to 0.5% or more, and 

a rate Va of organic components to the honeycomb filter for purifying exhaust gases is set to 0.5% by weight 
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or less. 

The honeycomb filter for purifying exhaust gases according to claim 1 , 
wherein 

a catalyst for purifying exhaust gases is supported inside the columnar body. 

A honeycomb filter for purifying exhaust gases which has a structure in which: 

a plurality of a columnar porous ceramic member are combined with one another through a sealing material 
layer to form a ceramic block, each of said columnar porous ceramic member comprising a number of through 
holes, said through holes being placed in parallel with one another in the length direction with partition wall 
interposed therebetween; 

a sealing material layer is formed on a circumference portion of said ceramic block; and 

said partition wall which separates said through holes functions as a fitter for collecting particulates, 

wherein 

a rate sp of arr area occupied byrthe sealing material layers to the* totaharea^of^a cross-section indudlng the- 
through holes in the direction perpendicular to the through holes, in said honeycomb filter for purifying exhaust 
gases, is set to 2% or more, and 

a rate Vp of organic components to said honeycomb filter for purifying exhaust gases is set to 0.5% by weight 
or less. 

4. The honeycomb filter for purifying exhaust gases according to claim 3, 

wherein 

a catalyst for purifying exhaust gases is supported inside the porous ceramic member. 

5. The honeycomb filter for purifying exhaust gases according to any of claims 1 to 4, 

wherein s 

a sealing material layer has adhesive function. 

6. The honeycomb filter for purifying exhaust gases according to any of claims 1 to 5, 

wherein 

a sealing material layer contains an inorganic binder and/or inorganic particles. 
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Fig. 1 



10 




Cross-sectional view taken along line A-A 
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Fig. 2 
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Fig. 5 



Evaluation test 1 




Evaluation test 2 
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Fig. 9 

Evaluation test 1 
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Fig. 11 

Evaluation test 1 




Evaluation test 2 
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